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PREFACE 



The ultiniate pu^Oi© of gaining Naval personnel is to pfoduce a 
combatant Navy which can insure victory at sea. A consequence of the 
quality of training given them is their superior state of readiness. Its result is 
a victorious Navy* 

This Rate Tmining Wanu J and Nonrisident Career Course (RTM/NRCC) 
form a silf-study package that will enable candidates for advancement to 
Consfruction Mechanic TTiird Class and Construction Mechanic Second Class 
to fulfill the requlrementi of their rating. Among these requirementi are the 
abilities to perform tasta involved in the maiiitenance, repairj and overhaul 
of automotivej, materiali-handling, and constmctiDii equipnient. 

Derigjied for individual study and not fonnal classroom instruction, the 
KTM provides subject niatter that relates dfrectly to the OGcupational 
standards of the Consfruction Mechanic rating. The NRCC provides a way of 
satisfying the requimrnents for completijig the RTM. Aisignrnenti in the 
NRCC include learning objectives and iupporting items designed to lead the 
student through the KTM. 

This RTM/NRCC was prepared by the Naval Education and Training 
Program Developmeiit Center > Pensacola, Florid a^ for th# Chief of Navd 
Education and Trainings Technical assistance was provided by the Naval 
Facilities Engineering. Command^ AlexindriEj Virginia, the NavaJ 
Construction Training Center^ Port Hueneniej California, the Naval 
Construction Training Center, Gulfport, Missisiippi^ and the Civil 
Engineering Support Office, Port Hueneme, Califoniia. 
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THE UNITED STATES NAVY 



GUARDIAN QP OMR COUNTRY 

Thi Umtgd States Na^ is responiible for maijitaining control of the 
sea and is a ready forc^ on watch at home and overseaSj capable of 
strong action to preserve the peace or of instant offendve action to 
win in war. 

It is upon the maintenance of this control that our cQuntry^s glorious 
future depands; the United States Navy exists to make it lo. 



Wl SIRVe WITH HONOR 

Tradition j valor, and victory are the Navy's heritage from the past, To 
thesa may be added dedication^ discipline^ and vigilance as the 
watchwords of the present and the future. 

At home or on distant stations we serve v^ith pride, confident In the 
respect of our country * our ihipmatei, and our families, 

Our respondbiUtiei sober us; our adversities itrengthen us. 

Service to God and Country 1§ our special privilege. We serve with 
honor. 

THI PUtURf OF THi NAVY 

The Navy will always aniploy new weapons, nmw techniques^ and 
greater power to protect and defend the United States on the sea, 
mider the sea, and in the air. 

Now and in the future^ control of the sea gives the United States her 
ffeatest advantage for the maintenance of peace and for victory in 

Mobility, sun^rise, dispersaU and offenrive power are the keynotes of 
the new Nai^, The roots of the Navy lie in a strong beUef in the 
future^ in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our respondbilities been sreater* 
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CHAPTER 1 

PREPARATION FOR ADVANCEAAENT 



Inis trairiing maiiual has biin prepared for 
personnel of the regular Navy and the Naval 
Resarvei not only to assist tharn in advaiicement 
but also inorease their knowlidge in the various 
aspects of the Construction Michanic rating* 
This manual is based on the minimum skill 
requirements that the Navy prescribes for its 
Construction Machanics, Called ocQupational 
standards, these requirementi are published in 
the Manual of Navy Enlisted Manpower and 
Personnel ClassiflcaiiQns and Occupational 
Standards, NAVPERS 18068-D that lists the 
occupational standards for Constiuction 
Mechanics Third and Second Cla^. You will also 
see listed in NAVPERS 1806i-D the skUls and 
knowledges, called naval standards^ that deal 
with naval organization » security , watchstandings 
military conduct, military Justice, and other 
military requirementi. 

Your responiibilities for the naval standards 
are about the same as those of petty officers in 
other ratings since every petty officer is a 
member of the Navy. However, your 
lesponsibilitiis for the occupation^ standu'ds 
are special to your rating and directly related to 
the work you do as a Construction Mechanic 
(CM). 



ENLISTED RATING 
STRUCnJRE 

The two main types of ratinp in the present 
enlisted rating structure are geneml ratings and 
service mtinp. Both Regular Na\^ and Navd 
Reserve pe^onnel may hold these ratings. 

GENERAL RATINGS identify broad 
occupational fields of related duties and 



functions. Some general ratings include service 
ratings; others do not. 

SERVICE RATINGS identify specialties 
^vithin a general rating, AJthough service ratings 
can exist at any petty officer level, they are 
most common at the POS and P02 levels. 



THE CONSTRUCTION 
MECHANIC RATING 

The Construction Mechanic rating is a 
general rating at all levels. Construction 
Mechanics perform both administrative and 
technical tasks involved in maintenance, repair, 
and overhaul of automotive, materials/weight 
handling, and construction equipment, 

Tlie Conitruction Mechanic rating is a source 
of a number of NEC's (Navy Enlisted 
Classification Codes), NEC's reflect special 
knowledge and skills in certain ratings. The NBC 
Coding System is designed to facilitate 
management control over enlisted sWUs by 
accurately identifying biUets and pat^onneL It 
also helps insure maxlinum skill utQiiation in 
distribution and detailing, Tlie foUowEng NEC's 
may be eanied by Construction Mechanics at 
certain grade levels by satisfactorily completing 
an applicable course of instruction at a Navy 
aass **C" ichooL 

AUTOMATIC TRANSMISSION/ 
HYDRAULIC SYSTEMS MECHANIC, 
CM-580L— TTie skills and know^ledge required 
for this NEC include troubleshooting, 
dismantling, repdrings and reassembling ill types 
of automatic transmissions and torque 
converters; analyzing and correcting 
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maJfunctiofiing hydraulic pumps, controls and 
filief valves, and rams nnd cylinders; and 
repairing or replacing hydraulic lines and hoses. 

AUTOMOTIVE ELECTRICAL 
TECHNICIAN, CM-5802, ^Personnel with this 
NEC service, adjust, analyze, and repair 
automotive, materials handling, and 
construction equipment electrical systems, 

STATIONARY DIESEL ENGINE 
MECHANIC, CM^5804. ^Holders of this NEC 
must be able to maintain, repair, adjust, and 
overhaul stationary diesel engines with over 600 
horsepower. 

TYPES OF BILLETS 

Most Construction Mechanic billets are 
located in Naval Mobile Construction Battalions 
(NMCB*s), Constmction Battalion Units 
(CBU's), Construction Battalion Maintenance 
Units (CBMU's), and Naval Construction 
Repments (NCR*s), which are engaged in 
overseas base construction. In addition, 
Construction Mechanics are assigned to a variety 
of billets in the Public Works Department of 
naval shore activities. A limited number of 
especially well-qualified Construction 
Mechanics, usually P02, POl, and CPO, are 
assigned as instructors at the CM School, Naval 
Construction Training Center (NCTC), Port 
Hueneme (California), or Gulfport (Mississippi). 

Geo^aphic Location 

The Navy, as you knowj maintains a large 
number of activities within the United States, 
mostly along the coastlines. As a CM, you may 
work at almost any one of them, either as a 
member of a_ unit of the Fleet operating at the 
station, or as a member of the station force 
itself 

In the Atlantic area you may be assi^ed 
duty in Spun^ It^yi Newfoundland, or even 
Iceland or Greenland. You may work in 
Bermuda or at a number of other islands: Cuba, 
Puerto Rico, Trinidad, Barbados, Antigua, Turks 



Island, San Salvador, and so on, You may have 
the opportunity to winter over in Antarctica, 
Duty assignments may be had in Okinawa^ 
Japan, Guam, the Philippines, Midway, and the 
Indian Ocean island of Diego Garcia, 

Units of the Fleet 

As a CM, you may not expect to be assigned 
to duty as a member of a ship's company. There 
is a possibility that you may be assigned to a 
Naval Amphibious Construction Battalion 
(PHIBCB), but you will most likely be assigned 
to an NMCB, or a detachment thereof, or to 
other activities related to the Fleet Construction 
Force such as a CBMU, CBU, regimental 
headquarters, or Construction Force 
headquarters, In an NMCB, you may expect to 
be In **A" company, which functions in a 
militaty capacity as a machlnegun and rifle 
company. Known as the "equipment company," 
Construction Mechanics and Equipment 
Operators are usually assigned to "A" company. 

Thm Public Works Department 

When you are assigned to duty at a shore 
activity, either within the United States or 
oveneas, you will most likely be assipied to the 
Public Works Department of the station. Most 
stations which have more than 100 people 
and 15 or 20 buildings have a Public Works 
Department (which administers and maintains 
public works and utilities), except that in some 
localities Public Works Centers have been 
established. T^ese Centers perform the public 
works duties for a number of Navy activities in 
the vicinity of the Center. Tlie Public Works 
Department is headed by the Public Works 
Officer, who is an offlcer of the CivU En^near 
Corps. The oiganization and staffing of the 
Department vaiy considerably, depending on the 
size, location, and mission of the activity. 

The larger Public Works Departments are 
generally divided into Administrative and 
Technical Divisions (Administrative, 
Engineering, Maintenance Control, . and 
sometimes Housing) and Operating Divisions 
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(Maintanancii Utilitiei, and Trajisportation)* 
The Operating Divisions are usually headed by a 
CEC ofTicgr who has the title Shops Engineer. 
Smaller itations might haye only three divisions: 
Administrative, Engineeriiig, and Shops. The 
Shops Division usually has a Transportation 
Brangh. 

Some Public Works Departments, parti- 
cularly at small, isolated stations, may be staffed 
entirely by militaiy per^onneU but most Public 
Works Departments, both In the United States 
and overseas, are staffed largely by civiliani* The 
Administrative and Technical Divisions (except 
for Maintenance Control) are mainly staffed 
with civilian employees classed as "GS," or *'per 
annum," or **white collar", The Operating 
Divisions are mainly staffed with civilian 
employees classed as 'Vage board," or'*per 
diem/' or "blue collar". Supervisory blue collar 
employees have titles such as (in ascendiiig order 
of fesponsiblity) snapper, head, leadingman, 
quarterman, and chief quarterman, Veiy large 
stations may also have niaster mechanics and 
foreman mechanics. At bases ovei^eas, foreign 
nationals may be hired to work in the Public 
Works Department. They may be employed 
directly as a special categoiy of civU servant, or 
toey may be utilized as contract labor throu^ 
the negotiation of a labor contract with the host 
government of the countiy Involved, 

Duty Wittiin the U.S. 

As stated before, if you are aisipied to shore 
activity within the U.S. you will most likely be 
assigned to Public Works; but this Is not always 
the case. In areas where there is a large stable 
aipply of manpower, most of the transportation 
work is done by blue collar employees. 
Therefore, you may be assi^ed to the 
master-at-arms force, speedy services, the salvage 
yard, the commissary, or to any of a ereat 
v^ety of jobs. 

Your chances of working at your trade are 
much better in areas where there k a relative 
shortap of manpower. In these areas, you may 
expect to be ^ipied to the Transportation 
Wvision or the Trwsportation Branch of the 
Slops Division. Some Public Works offlceri 
prefer to organize two separate lines of 



authority: one for civilians and one for the 
military peiionnel. Others prefer to integrate the 
civiliani and militaiy completely; in the latter 
case you may work beside a civilian and report 
to a CMl who reports to a quarterman who, in 
turn, answers to the Shops Engineer who is an 
officer, Tliere are some activities which are 
staffed completely by militaiy personnel 
because the mission is highly classifled; if you 
are assigned to a station of this type you may 
expect to work within your rating. 

Duty at Overseas Bases 

In general, you may expect to work in your 
trade if assigned to a shore activity outside the 
U.S. At smaller, relatively isolated stations the 
entire Public Works staff may be military 
pe^onnel At the larger activities you may 
expect to work with civilian employees from the 
U.S., both white collar and blue collar, and with 
forei^ nationals. 



THE NAVY ENLISTED 
ADVANCEMENT SYSTEM 

Many of the rewards of Navy life are earned^ 
throu^ the advancement system. The basic 
ideas behind the system have remained stable for ^ 
many years, but specific portions may change 
rather rapidly. It is important that you know the 
system and follow changes carefully, BUPERS 
Notices 1418 will nomially keep you up to date. 

^e nomal system of advancement may be 
easier to understand if it is broken into two 
parts: 

L Thorn requirements that must be met 
before you may be considered for advancement, 

2. Those factors that actually determine 
whether or not you will be advanced. 

QUALDFYmCFOR 
ADVANCEMENT 

In general, to QUALIFY (be considered) for 
advancement, you must fii^t: 

1, Have a certain amount of time in pay- 
grade. 
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2. Damonstrati knowl^dga of material in 
your mandatory rate trainini manuals by 
achieving a suitable score on your command*! 
tist, by succissfully completing the appropriate 
NRCC's ori in some caseSi by successfully 
completing an appropriate Navy school 

3 . Fu 1 fill the Personnel Advancement 
Requirements (PAR) of your rating. (Deicribed 
later in this chapter.) 

4. Be recommended by your commanding 
officar, 

5. For petty offlcir third and second 
candidates ONLY, demonstrate knowledge of 
military subjects by passing a locally 
administered MILITARY/LEADERSHIP 
examination based on the nav^ standards for 
advancement from NAVPERS 18068 series. 

6* Demonstrate knowledge of the technical 
aspects of your rate by passing a Navy-wide 
advancement exMiination based on the 
occupational standards applicable to your rate 
from NAVPERS 18068 series (those standards 
Usted at and below your rate level). 

Figure l-I gives a detailed view of the 
requirements for advanciment of active duty 
personnel; figure 1-2 gives this information for 
inactive duty personnel. Remember that the 
occupational standards can change. Check with 
your division officer or training officer to be 
sure that you have the most recent standards. 

If you meet all of the above requirements 
satisfactorily, you becoma a member of the 
group from which advancements will be made. 

WHO WILL BE 

ADVANCED? 

Advancement is not automatic. Meeting all 
of the requirements makes you eligible, but does 
not guarantee your advancemmt. Some of the 
factors that determine which persons, out of all 
of those QUALIFIED, will actu^y be advMiced 
in rate are the score made on the advancement 
examination, the length of time in service, the 
performance marks earaed, and the number of 
vmcancies being filled in a given mte. 

If the number of vacmcies in a given rate 
exceed the number of quaUfled personnel, then 



ALL of those qualified will be advanced. More 
often, the number of qualified people exceeds 
the vacancies. When this happens, the Navy uses 
a special procedure devised for advancing those 
who are BEST qualified. This procedure is based 
on combining three personnel evaulation 
systems: 

Merit rating system (Annual evaluation and 
CO. recommendation) 

Personnel testing lysteni (Advancement 
examination score— with some Qi«dit for passing 
previous advancement exams) 

Longevity (seniority) system (Time in Rate 
and Time in Service) 

Simply^ credit is given for how m^ch the 
individual has achieved in the three areas of 
performance, knowledge^ and seniority. A 
composite, known as the final multiple score, is 
generated from these three factors, All of the 
candidates who have PASSED the ixamination 
from a given advancement population are then 
placed on one list. Based on the final multiple 
score, the person with the highest multiple score 
is ranked tot, and so on, down to the person 
with the lowest multiple score. For candidates 
for E-4, E-5, and £-6^ advancement 
authoiteations are then issued, bepnning at the 
top of ttie list, for the number of persons needed 
to fill the existing vacancies. Candidates for E-7, 
BrB, and E-9 whose final multiple icorei are hi^ 
enou^ will be designated P^S SELBD ELIG 
(pa^ Selection Board Elipble). This nieans that 
their names will be placed before the Chief, 
Senior Qiief, and Master Chief Petty Officer 
Selection Boards, BUPERS boards charged with 
considering all so-designated eligible candidates 
for advancement to CPO, SCPO, and MCPO. 
Advancement authomations for those being 
advanced to C3*0, SCPO, and MCPO are issued 
by these boards* 

Wio, then, are the individuals who are 
advanced? BasicaHy, they are the ones who 
achieved the MOST in preparing for 
advmcementi They were not content to just 
qualify; they went the extra mUe in their 
training, and through that training and their 
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REQUIREMENTS* 


El to E2 


E2 to E3 


m 

to E4 


#E4 
to E5 


E5 
to E6 


i#tE6 
to E7 


##tE7 
to E8 


to Eg 


SERVICE 


6 mos. 
service. 


6 mos. 
as 


6 moi. 
as E-3. 
2 years 
time in 
servi Ge ^ 


12 mos. 
as E-4, 
3 years 
tinit in 

serVl ce . 


24 mos. 
as E-5. 
7 years 
time in 
Servi ce* 


36 mos. 
as E-6, 
10 years 
time 1n 
iervi ce . 


36 mos, 
as E-7. 
B of 13 
years 
time in 
service 
must be 
en- 

listed. 


36 mos . 
as E-8. 
10 of 16 
years 
time in 
service 
must be 
enl isted. 


SCHOOL 


Recrul t 
Training. 
(CO, 
may ad- 
vance up 

¥r\ 1 n^/ 

lQ LUk 

of grad- 
uating 
class. ) 




Class A 

for PR3, 

DT3,IS3, 

AME3, 

HM3, 

FTB3, 

MT3,MU3, 

EW3 


Naval 
Justice 
School 
LN2 




Navy 
School 
for AGCs 
MUC.tt 










PERSONNEL 

ADVANCEMENT 

REQUIREMENT 

NAVPERS 
1414/4 






Ptfsonnel Advancement Requirement 
(PAR) must bi completed for 
advancement to E-4 through 




TEST 






Spicified ratings must complete 
applicable performanct tests be- 
fore taking examinations. 




ENLISTED 

PERFORMANCE 

EVALUATION 


As used by CO 
when approving 
advancement. 


Counts toward perforniance factor credit in i 
multiple. 


idvancement 


EXAMINATIONS** 


Local ly 

prepared 

tests. 


See 
below. 


Navywidi examinations 
required for all PO 
advancements . 


Nevywidt selection board. 


RATE TRAINING 
MANUAL (IN- 
CLUDING 
MILITARY 
REqUIREMENTS) 




Required for E-3 and all PO advancements 
uniisi waived because of school comple- 
tioni but need not be repeated if Idtntical 
course has already been completed. See 
NAVEDTRA 10052 (current edition). 


Nonfesldent career 
courses and 
ricomnended reading. 
See NAVEDTRA 10052 
(current edition) . 


AUTHORIZATION 


Conmandl n 
Officer 


g 


NAVEDTRAPRODEVCEN 





Mil advancements require conniandlng officer^s reconmendatlon, 

t2 years obligated service requirid for E-7, E«8t and E-9. 

#M1lltary leadership exam riquired for E»4 and E-5. 
**For E-2 to NAVEDTRAPRODEVCEN exams or locally prepared tests may be used. 
ttWalved for qualified EOD personnel. 

#iAdvancemint to £-7 will be 10 years TIS effective 1 January 1979; to £-8, 13 years TIS 
tffective 1 November 1978; to E=9, 16 years TIS efftctive 1 November 1978. 



Figure l»l,-*Act1ve duty advancement requi ftnients. 
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REQUIREMENTS* 


El to 
E2 


E2 to 
E3 


E3 to 
E4 


E4 to 
E5 


£5 to 
E6 


E6 to 

E7 


E8 


E9 


TOTAL TIME 
IN GRADE 


6 moi* 


6 mos* 


6 mos. 


12 mos. 


24 mos . 


36 mos. 
with 
total 
9 yrs 
sirvlce 


36 mos, 
with 
total 
12 yrs 
. iirvice. 


24 mos, 
with 
total 
15 ym 
service . 


TOTAL TRAINING 
OUTY IN GRADEt 


14 days 


14 days 


14 days 


14 days 


28 days 


42 days 


42 days 


28 days 


PERFORMANCE 
TESTS 


^ ' " ' * *'^^'''>^^'-'-^''V»V^*'^*tV.^'iV|■^' 


Sptclfled ratings must complete apf 
performance tests bifore taking exi 


nicable 
minatlDrip 




DRILL 

PARTICIPATION 


Sitlifactory participation as a member of a drill unit In 
accordinct with BUPERSINST 5400,42 series. 


PERSONNEL 
ADVANCEMENT 
REQUIREMENT (PAR) 
NAVPERS 1414/4 




Pfrsonnel Advancement Requl re- 
rents (PAR) NAVPERS 1414/4 must 
be compieted for advancement to 
E4 through E7. 




RATE TRAINING 
MANUAL (INCLUDING 
MILITARY^ REQUIRE- 
MENTS ) 


Completion of applicable course or courses must be 
iirvice record. 


intered In 


EXAMINATION 


Standard Exam 


Standard Exam required for all 
PO advancements. Also pass 
Military Leadership Exam 
for E4 and E5, 


Standard Exam 
Selection Board. 


AUTHORIZATION 


Coftmanding 
Officer 


NAVEDTRAPRODEVCEN 





*Recomniendat1on by commanding officer required for all advancements. 
tActive duty periods may be substituted for training duty, 



Figure 1-2*— Inactive duty advancement requirements, 
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work expirierioe they div eloped greatgr skills, 
Igamed nom^ and acceptad more responsiblity. 

Wule it cannot guaimiitee that any one 
person Mil be advanced^ the advancement 
systam does guarantee that all personi within a 
particuJar rat* will compete equally for the 
vacaiiQliS that ixlst. 

HOWrOfREIARE 
FOR ADVANCEMENT 

What must you do to prepare for 
advaJicamant? You must study the occupational 
standards, wo*k on the requirementi stated in 
the PAR progmmj study the required rate 
training manuals, and the publicatioiis that are 
required for advancement in your rate. To 
prepare for advancement, y^ou will need to be 
familiar ^Hth <l) the Manual of Navy Enlisted 
MmpQ\^Bf andl Personnel Classificatiom and 
Ocmpaiioml Standards, (2) the Pereoniiel 
Advanc€nt€nt Requirement (PAR) Prop-am, 

(3) the publication Bibliography for 
Admncmment Midy, NAVEDTRA 10052, and 

(4) applloable rate trainLng manuals. The 
following paragraphs describe these publications 
and th€ TAR program asid give you some 
practicaJ soiggaslions on how to use them In 
preparirag for advancement, 

Section I of the Manual of Enlisted 
Manpower and Personnel dassifwations and 
Occupaeioml Mndards, MAVPERS 18068=D 
with changes, contains the naval and 
occupatioriai standards for advancement to each 
paygradc, Section II contains the Navy Enlisted 
ClassifiMtiens CNEC*s). 

Thr NA.VAL STANDARDS are 
mquireroiiits that apply to all ratings rather than 

om particiilar rating. The OCCUPATIONAL 
STANDARDS an requirements that are directly 
related to the work of each rating. Both the 
naval standards^ and the occupational standards 
ire divided Into^ subject mattar p'oups. 

You axe required to pa^ a Navy-wide 
militaxy/liaderdiip exwninatiQn for £-4 or E-Sj 
as apprcypilatej bifore you take the Navy-wide 
advaiic€in.ent examination. TTie mjlitary/ 
leadershfp examinations are administerad on a 
schedule detexTnined by your commanding 



officer. Candidates are required to pass the 
applicable military/Ieadenhip examination only 
once at the E-4 and the E-5 levels, Each of these 
examinations consists of 100 questions based on 
information contained in Military Ileqiwements 
for Petty Officers J d2 NAVEDTRA 10056 
(current edition) and in other publications listed 
in Bibliography for Advancement Study, 
NAVEDTRA 1QQ52 (current edition). 

TTie Navy-wide advancement examinations 
for paygrades E»4 and E^5 contain 150 
questions related to occupational areas of your 
imting. 

If you are working for advancement to 
second class, remember that you may be 
examined on third class standards or 
Constructionman standards as well as on second 
class standards, 

NAVPERS 18068^D is kept current by 
means of changes. TTie Qccupational standards 
for your rating which are covered in this training 
manual were current at the time the manual was 
printed, but by the time you study this manual, 
the standards for your rating may have been 
changed. Make sura the manual you refer to 
contains the latest changes. 

PERSONNEL ADVANCEMENT 
REQUIREMENTS 

The Personnel Advancement Requirement 
(PAR) (NAVPERS 1414/4) enables a command 
to evaluate the overall abilities of an individiial 
in the day-to-day work situations and eliminates 
the need to complete a rnOTdatoo^, lengthy^ and 
detailed checkoff list. 

The PAR for each rating is a pamphJet that 
hits the requirements for advaiicement to 
pay^adei E-4 throu^ It contains 

descriptive information^ instruGtions for 
adminiitratlonj special rating requiremeiitSj and 
advancement requirements. 

Section I (Administration) contdns the 
indlvidud's length of service, time Ln rate, and a 
checkoff for the individual having passed the 
E4/E-5 MUltary/Leademhlp Exanlnation. 

Section II (Formal School aad Training) 
contains a checkoff entry for the individual 
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havmg completed the military requirements rate 
training minual and the applicable rate training 
manuid for the rating* 

Section III (OcQupitlon and MUitai^ 
AbiUty) is a checkoff list of task statements. 
Individuals are evaluated on their ability to 
perform the tasks. Ihi evduation may bi based 
on ability in related ireas, training received^ or 
actual demonstration of the t^ks. 

Par's do not exist for the &8*s and E-9*s as 
there are other means of ielection for 
^Vincement to these paypades. The £-3 
apprenticeships are so broad m to make the 
development of a singla PAR impractical. 

NAVEDTRA 10052 

Bibliography for Advancement Study, 
NAVEDTRA 10052 is a very important 
publioation for any enlisted person preparing for 
advuicamant, Thk bibUopaphy lists requirid 
and recommended rale training manuals and 
other reference material to be used by personnel 
working for advancement. 

NAVEDTRA 10052 is revised and issuid 
once each year by the Chief of Naval EdUGation 
md Traiiung. Each revised edition is identified 
by a letter following the NAVEDTRA numbir 
When using this publication, be SURE that you 
have the most recent edition. 

If extensivi chwges in standards ocour in 
any rating between the annual revisioni of 
NAVEDTRA 10052, a supplementary list of 
study material may be issued in the fonn of a 
BUPERS' Notice. Wien you are preparing for 
advaneement, check to see whether changes have 
been made in the standards for your mting. If 
changes have teen made, see if a BUFERS 
Notice has been issued to supplement 
NAVEDTRA 10052 for your rating. 

The required and i^commendad references 
are Usted by paypade in NAVEDTRA 10052, 
If you are workbig for advan^ment to third 
da^ staidy the material that is listed for third 
If you are workuig for idvanceniint to 
second class, study tiie materid that is Ustad for 
second dwm; but ^member that ym are ^so 



rTesponsible for the referencei listed at the third 
clasilival and at the Conitnictionrnan level, 

In NAVEDTRA 10052, you will notice that 
scrne rate training manuals are marked with an 
^terisk {*), Any manual marked in this way is 
MANDATORY-that is, it must be completed at 
fti Indicated rate level before you can be 
ellpbli to take ttie Navy-wide examination for 
adviuicement. Each mandator manual may be 
eompleted by (1) passing the appropriate 
nonresident career course (NRCC) that is based 
on the mandatory rate training manual; 

(2) passing locally prepared tests basetf on the 
irforination ^en in the rate training manual; or 

(3) in some cases, succesifuUy completing an 
appropriate naval schooL 

Do not overlook the section of NAVEDTRA 
10OS2 which lists the required and 
recommended references relating to the naval 
itandardi for advancement. Personnel of ALL 
i^tiiip must complete the mandator military 
requirements training manual for the 
appropriate level before they are eligble to 
advance. 

The ^ferences in NAVEDTRA 10052 which 
are recommended, but which are not 
mandatoryi should also be studied carefully, 
ALL references listed in NAVEDTRA 10052 
may be used as lource material for the written 
escaminations at the appropriate jrate levels. 

RATETRAmWG 
M^UALS 

TTiere are two general types of rate training 
manuals. RATING manuals, such as this one, are 
pjBpmd for most enlisted ratings, A rating 
mmual gives infonnation that is directly related 
to tiia occupational stand^ds of ONE rating. 
SUBJECT MATTER manuali or BASIC manuals 
pve information that applies to more than one 
rating. 

Rate training manuals are revised from time 
to time to keep fliem up to date technically. The 
revision of a rate trainuig manual is identlfled by 
a litter foUowng the NAVEDTRA number. You 
can tcU whether any p^cular copy of a 
traiiiing manual is the latest edition by checldng 
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tha WAVEDTRA number and the letter 
foUoNving tlus number in the most recent edition 
of Llsi of Training Manuais and Conespondmce 
Courses, NAVEDTRA 10061. NAVEDTRA 
10061 is a catal^ that lists current training 
manuals and couiies; you diould find this 
Catalog useful in planning your study program. 

Each time a rate training manual ii revised, it 
is brou^t into confomity with the official 
publicaUons and directives on which it is based ; 
but during the life of any edition, diicrepancies 
between the manud and the ofncial sources are 
almost certain to arise bocau^ of changei to the 
lattar which are issued in the interim. In the 
performance of your duties^ you should always 
refer to the appropriate official publication or 
directive. If the official source is listed in 
NAVEDTRA 10052, the Naval Education and 
Training Propam Development Center uses it as 
a source of questions in preparing the Navy-wide 
examinations for advancement. In case of any 
dUicrepancy batwaen the publications listed in 
NAVEDTRA 10OS2 for a ©van rate, the 
examination writers will either lisa the most 
iicent materia or avoid having questions on 
^ch sources. 

Rate training manuals^ are designed to help 
you prepare for advancemant. When you are 
prtparing for advmcament, the following 
suggestions may help you to make' the best use 
of this manual and other Navy training 
publiQations: 

1 . Study the naval standards imd tha 
occupation^ standards for your rating before 
you study the training manu^s and refer to the 
standards frequently as you study. Remember, 
you are studying the mwu^ primarily in order 
to meat these standards. 

2, Set up a regular study plan. It will 
probaWy be easier for you to stick to a schedule 
if you can plan to study at the same time each 
day* If po^ibles ^hedule your studying for a 
time of day when ym will not have too mmy 
interruptions or distractions. 

3* Before you be^n to study my part of 
the manud intensive^, become familiar with the 
entire book. Read the preface and the table of 
contents. Qieck throu^ the index. Thumb 



through the book without any particular plan, 
looking at the illustritions and reading bits here 
and there as you see things that interest you, 

4. Look at the training manual in more 
detailp to see how It is organizad. Look at the 
table of contents again, "nien, chapter by 
chapter, read the introduction^ the headijip, and 
die subheadinp, This should gbe you a pretty 
clear picture of the scope and contents of the 
book. Am you look thfougli the book in this 
ways ask yourself some questions: 

• What do I need to learn about this? 

• What do I already know about tWi? 

• How is this Information related to 
intbrmation given in other chapters? 

• How is this information related to the 
occupational standards? 

5. Wien you have generd idea of what is in 
tihe training manual and how it is organtaedj 
improve upon your knowledge by intensive 
study* In each study period, try to cover a 
complete unit--it may be a chapter, a section of 
a chapter, or a subsection, TTia amount of 
material that you can cover at one time wUl 
vary. If you know the subject wellj or if the 
material is easy^ you can cover quite a lot at one 
time. Difficult or unfamiliar material will require 
more study time. 

6. In studying any one unit --chapter, 
section, or subsection— write down the questions 
that occur to you. Many people find it helpful 
to make a written outline of the unit as they 
study, or at least to write down the most 
importuit ideas. 

7. M you studyj relate the inforniation in 
the tmning manual to the knowledge you 
already h^e. When you read about a process, a 
skilU or a situation, try to see how this 
infomfiation ties in with your ovm fmt 
experience. 

8. V^en you have finished studying a unit, 
take time out to sea what you have learned. 
Look back over your notes and questions. 
Maybe some of your questions hava bean 
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answered, but perhaps you still have some that 
are not answerid. Without looldiig at the 
trajiung manual, writt down the main ideai that 
you have gotten from studying this unit, Don*t 
Just quote the book. If you can't givg these Ideas 
in your own words, the chances are that you 
havi not rgally mas^efed the information. 

9. Usa nonreiident oarear courses whenever 
you can. The courses are based on rate training 
manuals or on other appropfiate texts, As 
mentioned beforej complitlon of a mMidatory 
rate training manud can be iccomplished by 
passing a nonresident career couree based on the 
rate training manual. You will probably find it 
helpful to take other courses, as well as those 
based on mandatory manuds. Taking a course 
helps you to master the infonngtlon pven in the 
training manual, and also helps you see hovy 
much you have learned, 

10, Think of your future as you study rate 
training manu^s. You are v^orking for 
advancement to third class or second class right 
now, but some day you will be working tow^d 
higher rates, iyiythlng extra that you can learn 
will help you both now and later. 



SOURCES OF 
INFORMATION 

Besides rate training manuals, NAVEDTRA 
10052 lists official publications on which you 
may be examined. You should not only study 
the sections required, but should become as 
familiar as possible with all the publications you 
use. 

One of the most useful thinp you can leam 
about a subject is how to find out more about it. 
No singla publication can pve you all the 
information you need to perfonn the duties of 
your rating. You should learn where to look for 
accurate, authoritative^ up-to-date information 
on all subjects related to the naval requirements 
for advancement and the occupational standards 
of your rating. 

PUBLICATIONS YOU 
SHOULD KNOW 

l^e detailed information you need for 
advancemfnt and for everyday work is 



contained in various publications. Some are 
aibject to change or revision at regular intervals, 
while others are revised as the need arises. When 
using any publication that is subject to change 
or revision, be sun that you have the latest 
edition. When using any publication that is kept 
current by means of changes^ be sure you have a 
copy in which all offidal changes have' been 
made. Studying canceled or obsolete 
infonnation will not help you to do your work 
or to advance; it Is likely to be a 'waste of time, 
and may even be seriously misleading. 

GOVEW^MENT PUBLICATIONS 

There are various government publications 
which you may find useful as sources of 
referenge, A number of publications issued by 
the Naval Facilities Enpneering Command 
(NAVFAC) which will be of interest to 
personnel in Occupational Field 13 
(Constmction) ratlnp are listed in the Index of 
Naval Facilttfes Engineering Command 
Publications, NAVFAC P-349 (updated 
semiannually). A publications program is one of 
the principal communications rnedia used by 
NA¥FAC to provide a ready reference of 
current technical and aiminiitrative data for use 
by its subordinate units* 

N A V F A C p u b 1 i cations are listed in 
alphabetical and numerical order in NAVFAC 
P-349; copies of NAVFAC P^349 may be 
obtafcied ttrou^ proper channeli from the 
Naval Supply Depot, 5801 Tabor Avenue, 
Philadelphia, Pennsylvania 19120. 

Some of the publications that you will need 
to study or refer to as you prepare for 
advancement have already been discussed earlier 
in this chapter. Here ari the titles and short 
descriptions of three more: 

Tools and Their Vm, Although this training 
manual is not specifically required for 
idvancement, you wUl flnd that it contains a 
good deal of useftil infomation on the care and 
use of many common handtools and portable 
power tools. 

Blueprint Reading and Sketching. Beginning 
with a general discussion of the uses and kinds 
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of blueprints, thi manual explains the common 
terms, symboli, and convantions used In 
gonneGtion with a variety of prints and 
dravvinp. Of p^iculaf intarest to you is the 
chapter on machliia dwwinp which includes 
angine dfawinp and diagprwis. 

The Metric System. This sin^e-subject 
training ntinual and iti assoclatad OCC-ECC 
form a salf-study paekaga dasignad to triin Navy 
personnel In eonvarting EngliA units of weight 
^d manures to unifi in the me trie or 
Interna tiond Systam (SI). Nota: For your 
immadlate usa* a listing of common equivalents 
^d conversions is coyitained in Appendi^t I of 
this manual. 

In addition, you iiiay And it useful to 
consult the rata training manu^g prepared for 
other construction wtinp. Refaranci to these 
manuds will add to your knowledga of the 
dutias of other papple in tha constmotion ratings. 

U& Army tachnicaJ manuds (TM%) provide 
information CiOncarning operation and 
maintananca of ill aqulpmant proeured by the 
US, Amiy* Much of this e^uipmtnt is usad by 
the SEABEES, TU's pertinent to equipment of 
this type are providad for your use in the 
mainteiianca shop. 

COMMERCIAL PUBLICATIONS 

Thara is a wealth of information for the 
Construction Machanic field contained in 
reports, pamphlats, handbooks, and texts 
published by trade assoeiationij technical and 



professional iocieties, and commefciaJ 
publishing houses. Operator*! manuals, 
maintenance manuals, and service bulletins 
aipplied by th© aquipinent mMufacturers are of 
particular valua to the machanic performing 
"hands on" duties related to equipment 
maintananca, Tliese publications are available in 
tti^ maintenance shop ready refarence. Ottier 
p u blications which provide compr«hensiva 
inforniation on autonciotive and construction 
equipment are : Automotive Mechanics by 
William H.Grousa md Moving The Earth by H.L. 
Nichols Jr. Addition^ literature is available to 
you in Ae station libmry, the Public Works 
Department^ and the Battalion library. 

TRAINING FILMS 

Trainuig filini availabla to naval personnel 
are a valuabla source of supplementaiy 
information on many techrdcd subjects. Training 
films are listed in tiie United States Navy Film 
Ctiialog, NAVAIR 10^1-777, published in 197L 
Copies may be ordered in accordance wth the 
Navy Stock list of Forms and Publications, 
NAVSUP 2002* Monthly supplenients to the 
Film Catalog are distributed to catalog holders, 

V/tm selecting a fiJjn, note its date of issue 
listed in the Film Catalog. As you Imow, 
procedures somettoes change rapidly. Thus 
some fdms become obsolete rapidly. If a film is 
obsdate only in part> it may sometimes be 
shown effectlvaly if before or during its diowing 
you earefully point out to trainees the 
procedures that have changed* 
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As 1 Cojistruction MachaiiiCj you \¥ill bfe 
concerned with rapilring and raplacing wm or 
brokan parts, making various adjustinants to 
vehiclis ind equipmaiit, and staing that vehicles 
md equipmant are proparly serviced and 
i^gulariy taspectad. To parfbmi thmm duties 
intelligently, it is important that you fully 
understand the principle of tntenial coinbuitJon 
engine operation and the ftinction of tft& various 
components that make up the Intenial 
combustidn engina. This undarstandiiig wiU 
make your job of diagnosiiig trouble and making 
cofwetions mmh easier. Vou wll And that you 
eitn save time, effort, and monay ty havring a 
thorough knowledge of tha theoiy and fUMtlons 
of the ehpna and its many components. 

Tills chapter diicu^es basic prindples of 
en^ite operation and briefly explains some of 
the terms used in connectipn therewith. You 
mil haar many of these temis used aroMd the 
shop and will see them in mdntenanca and 
repair manuals. 



COMBUSnON ENGINl 

Combustion is the act or process of bumifig, 
An internal or extern^ ooinbustion antfnei is 
defined simply as "a raiachina that converts tMs 
heat energy to mechanical enargy." To fulfill 
this purpose^ tha engine may take one of several 
fomis. 

In the internal combustion anginej 
combustion t^as place inside the cylinder and is 
directly responsible for forcing the pis/ton to 
move down* 

In external combustion enginesj such as 
steam in|ineSj combustion tikes place outsida 
the en^ne. Figure 2-1 shows^ in simplified form, 
an extemal and an intern^ coimbustion engna. 

The external combustion engine raquires a 
boiler to ^^Wch heat is appHei. This comb^lion 
causes water to boll to prc^iuce steam. Th© 
steam passei into the angina cylinder under 
pressure and ftrcas the piston to mova 
downward* 
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Figure 2.1.-ifmpl«f jtternal and Intimtf combunlon enpim. 
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Tm transformation of HEAT ENERGY to 
MECHAmCAL BNERGY by the engine is baied 
on a fundamantal law of phyMs which itates 
that gas Ni^ill expand upon application of heat. 
The law also states that when a gas is 
comprissed the temperature of the gas wUl 
incraasa. If the gas Is confine^d with no outlet for 
expansion, then the preisure of the gas will be 
increased when heat is applied, In tfie internal 
combustioji engine^ the bumlng of a fuel within 
a closed cylinder results in an expansion of 
gasis* This expansion creates pressure on top of 
a piston 5 causing it to move downward. In an 
interrial cornbustion engine, the piston moves up 
and down within a cylinder, 

This up-and-down motion is known as 
RECIPROCATING MOTION. This recipro^ting 
motion (straight line motion) must be changed 
to ROTARY MOTION (tuming motion) in 
order to turn the wheels of a vehicle, A 
Grankshaft and a connectir^g rod change tliii 
reoiprocating motion to rotary fnotion. 

All internal cornbustion engLneSs whether 
gasoUne or diesel are basically the same. We can 
best demonstrate this by saying they all lely on 
three thinp^FUlL, AIR, AND IGNITION. 

FUEL contains potenialeneigy for operating 
the engine. AIR contains the oxygen neceKary 
for combustion; and IGNITION starts 
combustion, All are fundaniental^ and the engine 
will not operate %vithout any one of them* Any 
discussion of engines must be based on these 
three factors and the steps and mechanisms 
involved in delivering tham to the combustion 
chamber at the proper time. 



DEVELOPMEWT 
OF POWER 

*nie power of an internal combustion engine 
comes fronn bumlng a mixture of fuel and air in 
a small, enclosed space. Wi*en this nUxture bums 
it expands greatly, and the p45sh or preKure 
created is used to move the piston ^ thereby 
rotating the crankshaft* This mcawment is 
evenrually sent back to the wheels to drive the 
vehicle* 



Since similar action occurs in all cylinders of 
an engine, let*s use one cylinder to describe the 
steps in the development of power* Hie 
[-cylinder engine consists of four basic parts as 
shown in figure 2-2* 

First we must have a CYLINDER which is 
closed at one end; this cylinder Is similar to a tall 
metal can which is stationary within the engine 
block. 

Inside this cylinder is the PfSTON, a 
movable metal plug, which fits snugly into the 
cyhnderj but can still slide up and down easily. 
This movement of the piston Is caused by the 
burning of fuel in the cylinder resulting in the 
production of reciprocating motion. 

You have already learned that the 
up-and-down movement of the piston is called 
reciprocating motion. This motion must be 
changed to rotary motion so the wheel or tracks 
of vehicles can be made to rotate, "niii change is 
accomplished by a throw on the CRANKSHAFT 
and a CONNECTING ROD which connects the 
piston and the crankshaft throw, 

The throw is an offset section of the 
crankshafts which scribes a circle as the shaft 
rotates. TTie top end of the connecting rod is 
connected to the piston and must therefore go 
up and down. The lower end of the connecting 
rod is attached to the crankshaft. The lower end 
of the connecting rod also moves up and down 
but, because it is attached to the crankshaft, 
it must also move in a circle, 

When the piston of the enpne slides 
downward because of the pressure of the 
expanding gases in the cylinder, the upper end 
of the connecting rod moves downward with the 
piston, in a straight line. The lower end trf the 
connecting rod moves down and in a circular 
motion at the same time. This moves She throw 
andj in turn, the throw rotates the CFankshaft; 
this rotation is the desired result. So remember, 
the crankshaft and connecting rod coinbination 
is a mechanism for the purpose of chanpng 
straight Une, or reciprocating motion to circular^ 
or rotary motion. 
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F^uri 2^2»-Cylmelir, piston, eoniiMting rod, md mmnk^Blt for l-eyJIndaf angina. 
BASIC ENGINE STROKES 



Each movament of the piston frpm top to 
bottom or from bottQin to top is called a stroke. 
The piston takes two strokes (an upstroke and a 
downstroke) as the crankdiaft makai one 
complete revolution. When the piston is at the 
top of a stroke (fig. 2-3), it is said to be it top 
dead center (TDC). When the piston is at the 
bottom of a stroke (fig. 2-4), it is said to be at 
bottom dead center (BDC)* TTieia positions are 
called rock positions and will be diseased 
further in this chapter under "Timing/* 

. TTie basic en^ie you have jtudiad m fat has 
no provisions for getting the fuel-air mixture Into 
the cylinder or bumed gases out of the cylinder. 
There are two openinp in the enclosed end ©fa 
cyltoder* Oub of the openinp» or ports, penmts 
an intyce of air or m intake of a mixture of fuel 
and air into the oombustion area of the cyUnder. 
The other opening or port permits the bum©d 
gas^ to esoapi from the cylmder. The two potts 




have valves in them* These val\^ij activated by 
the camihaft, close off either one or the other of 
the portij or both of themp during various stagei 
of enpne operation, TOe camshaft has a number 
of lobes along its length that open the valves and 
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(TDC) 



CRANKSHAFT 



F^ure 14«-Fiston top dfid ^nter (TDC). 
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CRANKSHAFt 
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Figuri 2-4.^Plston bonom dead sentir (dM). 

hold theni open for the correct length of tinie 
during tht piston stroke. The oamihaft is driven 
by the crankshaft through timing gaars, or by 
m^ans of a timing chain. On a 4-itroke cycle 
mpm the camshaft turns at one-half the 
crankshaft speed. This permits each valve to 
open and close once for every two revoludoiis of 
the crankshaft. One of the valvii, called the 
intake valves opens to admit an intake of air or a 
mixtura of fuel and air into the cylindar* The 
other valve, called the exhaust v^ve^ openi to 
allow the escape of burned gases after the 
fuel-and-air mixture has bumed. In the next 
chapter you wiU learn more about how these 
valves and their mechanisms operate. 

The following para^aphs ^ve a simplifled 
explanation of the action that takes placo within 
the eniine cylinder. For the pu^o^ of 
explanation, w§ will illustrate the action of a 
4-stroke cycle gasoline entfne. This type engine 
is referred to as a 4^roke cycle bectiusa it 
raquures four coniplete strokes of the pistDn to 
complete one enpne cycle. Later in the chapter, 
a S-^titroke cycla'en^e wiU be disou^d. The 
action of a 4'Stroke cycle enpne may be divided 
into four parts: the intake fitroke, the 
compression stroke, the power strpke^ and the 
exhaust stroke. 

INTAKE SraOO 

ThB first stroke in the sequence is called the 
INTAO stroke (fig, 2-5), During this stroke, 



the pistoii is moving downward and the intake 
valve is open. This downward movement of the 
piston produces a partial vacuum in the cylinder, 
and air-fuel mixture ruihes into the cylinder past 
the open intake valve. This is somewhat the 
same effect as when you drink through a 
stnw. A partial vacuum is produced in the 
mouth and the liquid moves up through the 
straw to fill the vacuum, 

COMPRESSION STROKE 

When the piston reaches bottom dead center 
at the end of the intake stroke and is therefore 
at the bottom of the cylinder, the intake 
valva closes, TTus seals the upper end of the 
cylinder, As the crankshaft continues to rotate, 
it pushes up, through the connecting rod, on the 
piston. The piston is therefore pushed upward 
and compresses the combustible mixture in the 
cylinder; this is called the COMPRESSION 
stroke (flg, 2-5), In gas^ilLne engines, the mixture 
is compressed to about one-ei^th of its orijpnal 
volume; which is called an 8 to 1 compression 
ratio. TOs cornpression of the air-fuel mixture 
increases the pressure within the cylinder. 
CQmpressing the mixture in this way makes it 
still more combustible; not only does the 
pressure In the cylinder increase, but the 
tem^rature of the mixture also increaiei. 

POWIR STROKE 

As the piston reaches top dead center at the 
end of the compression stroke and therefore has 
moved to the top of the cylinder, the 
compressed fuel-air mixture is ignited* The 
ignition system causes an electric spark to occur 
suddenly in the cylinder, and the spark ignites 
the fuel-air mixture. In burning, the mixture gets 
very hot and tries to expand in all directions. 
The pressure rises to about 600 or 700 pjunds 
per square inch. Since the piston is the only thing 
that can move, the force produced by the 
expanding gases forces the piston down^ TWs 
force, or thrust, is canied through the 
connecting rod to the craiJcshaft throw on the 
CTankihaft. The crrnkshaft is pven a powerful 
push. TTus is called the POWER stroke (fig, 2-5)* 
TTus tunung effortj rapidly repeated in the 
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engine and carried through gears and shafts, wUl 
turn the wheels of g vehlde and causa it to 
move. 

EXHAUST STROKE 

After the fuel-air mixture has bumed, it 
must be cleared from the cylinder. This is done 
by opening the exhaust valve Just as the power 
stroke is finished and the pi§ton itarti back up 
on the EXHAUST stroke (fig, 2^51 The piston 
forces the burned gases out of the cylinder past 
the open exhaust valve. 

ENGINE CYCLES 



T^le four strokes (intake, compression^ 
power, and exhaust) are continously repeated as 
the engine runs. Now, with the basic knowledge 
you have of the parts and the four strokes of the 
en^ne, let us see what happans during the actual 
running of the engine. To produce sustained 
power, an engine must accomplish the same 
series of events— intake, compression, power^ 
and exhaust—over and over again. 

This series of events is called a cycle. 
Remember that in a 4^roke cycle engine it 
takes four complete strokes of the piston to 
complete one engine cycle. 

Most engines that you wiU deal with are of 
the 4-stroke cycle design. 

2-STROKE 
CYCLE ENGINE 

In the 2-stroke cycle engtae^ the same four 
events (intake, compre^on, power, and 
exhaust) take place in only two strokes of the 
piston and one complete revolution of the 
crankshaft, 

A 2-stroke cycle diesel ingine is shown in 
figure 2-6. Each time the piston moves down, it 
is on the power stroke. Since this enpne does 
the same thing in half as many strokes as the 
4-stroke cyele engine, let's take a closer look at 
its construction. Instead of intake valves, it has 
holes, called inlet ports, sUrTounding the 



cylinder walls. It also has a blower to force the 
air into the cylinder when the inlet ports are 
Uncovered by the piston on its downward 
stroke* Since this engine is a dieseU it requires no 
spark plugs-only a means of introducing fuel 
Into the cylinder where the fuel burns due to the 
high temperature of the compressed air* 

Here is how one cycle occurs with only two 
strokes of the piston. Tlie sequence of events is 
intake, compression, power, and exhaust, Intake 
begins when the inlet ports are uncovered as the 
piston moves down in the cylinder. It continues 
until the piston moves up, covering the ports 
and blocking the airflow Into the cylinder* Very 
shortly after the inlet ports are covered, the 
exhaust valve closes and the compression stroke 
begins. 

During the compresiion stroke, the air is 
compressed to ignite the fuel which is Injected 
near the end of the upward movement of the 
piston. 

TTie pressure from combustion forces the 
piston down on the power stroke. 

As the piston neari the intake ports, the 
exhaust valve opens, starting the exhaust event, 
and allowing the burned gases to start escaping. 
The continued downward motion of the piston 
uncover the inlet port^ then air (under pressure) 
is forced into the cylinder and aids the exhaust 
event by pushing the bumed gases out of the 
cylinder. This cleEning action is referred to as 
exhaust gas soavenging. Details on the 
relationship of piston covering and uncovering 
inlet ports and exhaust valves opening and 
closmg are given later. 

4-STROKE CYCLE 
VS 2 STROKE CYCLE 

As indicated earlier, a power stroke is 
produced every crankshaft revolution within the 
2^troke cycle engine^ whereas the 4-stroke cycle 
engine requires two crankshaft revolutions for 
one power stroke. 

It might appear, then, that the 2-stroke cycle 
could pitjduce twice as much power as the 
4-stroke cycle of the same size, operating at the 
same speed. However, this power increase is 
limited to approximately 70 to 80% becau^ 
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soma of tha power is employed to drive a blower 
that forcas the air charga into tha cylinder under 
pressura, Also, tha burned ga^s are not 
complataly elaarad from the cylinder^ reducing 
combustion effldancy* Additionally, because of 
the much shorter period the intake port is open 



(as compared to the period the intake valve in a 
4-str0ke is open), a relatively imaller amount of 
air is admitted. Hence, with less air, less power 
per power stroke is produced in a 2-stroke cycle 
engine of like size operating at the same ipead 
with conditions being the same. 
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MULTIPLJE-CYLrNDER 
ENGINES 

The discussion so far in this chapter has been 
on a sin^«y Under gn^ne. A angle cylinder 
provides only one power impul^ every two 
erankshaft rivolutions in a 4-stroke cycle engine 
and is delivering power only one-fourth of the 
time* To provide for a mom continuous flow of 
power, modern engines use fours six, elglit or 
more cylinders. The same series of cycles 
previously discussed take place in each cylinder. 

In a 4*stroke cycle, 6-cy Under en^nes for 
example, the throws on the crankshaft are set 
120 degrtees apart, the throws for cyUnders 1 
and 6, 2 and 5, and 3 and 4 being in line with 
each other (fig. 2-7)* The cyUnden fire or deliver 
the power strokes in the following order: 
1*5- 3*6-2*4* Thus the power strokes follow each 
other so closely that there is a fairly continuous 
and even deUvery of power to the crankshaft. 

Even so, additional leveling off of the power 
implusas is desirable, so that the engine will nin 
more smoothly, A flywheel (fig* 2-7) is used to 
achieve this result. 

To understand how a flywheel functions, let 
us conrider a single cylinder, en^e* It is 
delivering power only one-fourth of the time 
during the pcwar stroke; During the other three 
strokes it is absorbing power to push out the 
exhaust gas, to pull in a fresh charge, and to , 
oo^press the charge* The flywheel makes the 
engine run without v^Ing much in speed 
during each revolution* It is a heavy steel wheel, 
attached to the ^nd of the crankshaft. When it is 
rotating, eonsiderable effort is required to slow 
it dowi or stop it* "flius, although the wheel 
does stow down somewhat as it delivers power 
to the engine during the exhaust* intake, and 
compression strokes, the wheel speed increases 
during the en^e power stroke* In effect, the 
flywheel absorbs some of the enpne power 
durmg the power stroke, and then gives it back 
to the engine during the other ttoee en^e 
strokes* 

In the multicylinder engine the flywheel 
functions In a simile manner, absorbing power 
when the enipne tends to speed up during the 
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Figurt 2-7i^Crankshift for a &avlinder engine* 



power strokes and giving up power to the ensne 
when the en^ne tends to slow down during 
intervals when little power is being delivered by 
the enpne. 

In addition to the engine itself, which is the 
power producer, there must be accessory 
systems to provide the engine with other 
requirements necessary to operate it. These 
systemi are (1) the fuel system, (2) the 
lubrication or oiling system, (3) the electric 
system, (4) the cooling system^ and (5) an 
exhaust iystem* Each of these systems vrtll be 
discussed in later chapters in this manual* 



CLASSIFICATION OF ENGINES 

Engines for automotive and construction 
equipment may be classifled in a number of 
ways: type of fuel used; type of cooling 
employed; or yalve and cylinder arrangement* 
They all operate on the intemal combustion 
principle, and the application of bisic prindples 
of construction to partinular needs or systems of 
manufacture has caused certain designs to be 
rcOT^iied as conventional. 

'Hie most comnion method of classification 
is by the type of fuel used; that is, whether the 
engine bums gasoline or dlesel fuel* 

GASOLmE ENGINES 
VSDIKEL ENGINES 

Mechanically and in overall appearance, 
gasoline and diesel en^nes resemble one 
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another. However, in the diesel engine^ many 
parts are somewhat heavier and stronger^ lo that 
they can withstand the higher temperatures and 
pressures the engine generates. The engines 
differ also in the fuel used, in the method of 
introducing it into the cylinders, and in how the 
ai^fuel mixture is ignited. In the gasoline engine, 
air and fuel nrst are mixed together in the 
carburetor. After this mixture is compresied in 
the cylinders, it is ignited by an electrical spark 
from the spark plugs. 

The diesel engine has no carburetor. Air 
alone enters its cylinderSi where it is Qompressed 
and leaches high temperature due to 
compression. The heat of compression ignites 
the fuel injected into the cylinder and causes the 
air-fuel mixture to bum. The diesel engine needs 
no spark plugs; the very contact of the diesel 
fuel with the hot air in the cylinders causes 
ignition* In the gasolina enpne the heat from 
compression is not enough to Ipilte the air-fuel 
mixture; therefore* spark plugs are necessary. 

OPERATING CYCLES 

In tiie preceding paragraphs you learned 
about the operating cycles of the internal 
combustion engine, The following summarizes 
the main points of this subject* Figure 2-5 
illustrates the strokes of the 4-stroke cycle 
gasoline engine^ and figure 2-8 iUustmtes the 
strokes of the 4-stroke cycle diesel engine. In 
each cylinder of either enpne, four strokes of 
the piston require two revolutions of, the 
crankshaft and one revolution of the camshaft 
to complete the cycle of the four events of 
INTAKE, COMPRESSION, POWER, AND 
EXHAUST. In the 2^troke cycle enpne (fig. 
2-6), two piston strokes are required to 
accomplish these four events. This enpne 
produces less energy per power stroke, but since 
the power stroke occurs twice as often, it is as 
efficient, or more so, than a 4-itroke cycle 
engine of the same dze and operating speed, 

ARRANGEMENT 
OF CYLINDERS 

Engines are classifiad also according to the 
arrangement of the cylinders: INLINE, with all 
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Rgum 2-8,— FpuMtfoki cyale diisal engine, 

cylinders cast in a straight line above the 
crankshaft, and V-TYPE with two banks of 
cylinders mounted in a V shape above the 
crankshaft. While these are the two most 
common OTangements, you might work 
occasionally with a HORIZONTALLY 
OPPOSED enpnej whose cylinders are mounted 
in two side rows, each opposite a central 
crankshaft. Buses often are equipped with such 
engines. 

The cylinders are numbered. The cylinder 
nearest the front of an inline engine is number 1 , 
The others are numbered 2,3,4, etc., from front 
to rear. In V-type en^nes the numbering 
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sequence varies with the manufacturer, You 
should consult his manual for the correct order. 

The FIRING ORDER (which is different 
from the NLnvl BERING ORDER) of the 
cyUnders of most of the enginei with which you 
will be working is stamped on the cylinder block 
or on the manufacturer's nameplate. If you are 
unable to frnd the firing order, and no operation 
or instruction manual ii at hand to guide you, 
turn the en^ne over by the crankshaft and 
watch the order in which the intake valves open, 

VALVE ARRANGEMENT 

Tne majority of internal combustion engiiies 
also are classified according to the position and 
arrangement of the intake and exhaust 
valves-that is, whether the valves are in the 
cylinder block or in the cylinder head. Various 
arrangements have been used, but the most 
common are L-head, I-head. and F-head (flg, 
2-9), The letter designation is used because the 
shape of the combustion chamber resembles the 
form of the letter identifying it. 



L^Head 

In the L*head engines both valves are placed 
in the block on the same side of the cylinder, 
The valve^perating mechanism is located 
directly below the valves, and one camshaft 
actuates both the intake and exhaust valves, 

I-Head 

Engines using the I-head construction are 
commonly called VALVE4N-HEAD or 
OVERHEAD VALVE eng^nes, because the 
valves are mounted in a cylinder head above the 
cylinder. This airangement requires a tappet, a 
push rod, and a rocker arm above the cylinder to 
reverse the direction of valve movement, but 
only one camshaft is required for both valves. 
Some overhead valve engines make use of an 
overhead camshaft. TOs arrangement eliminates 
the long linkage between the camshaft and valve. 

Fflead 

In the F-head engine, the intake valves 
normally are located in the head, while the 
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Figure 2-9.--L% 1% and F-valv© irrangdment. 
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exhaust valves are located in the engme block. 
Tnii arrangenient combines, in iffact, the 
L-head and the I-head valve arrangements. The 
valves in the head are actuated from the 
camshaft through tappetSj push rods, and rocker 
arms (I-head arrangement), whila the valves in 
the block are actuated directly from the 
camshaft by tappets (L-head arrangement). 

Occasionally you may work on older engines 
with T'HEAD valves where both valves are set in 
the block* but on oppoiite sides of the cyUnderi* 
You will also find some engines^ both 2-stroke 
and 4-stroke cyclei that have two to four 
exhaust valves per cylinder. On any other 
unusual valve arrangement that you may 
encounter, refer to the manufacturer's 
specifications or consult your Chief. 



ENGINE MEASUREMENTS 
AND PERFORMANCE 

As a mechanic you will have to know the 
various ways in which engines and engine 
performance are measured. An engine may be 
measured in terms of cylinder diameter, piston 
stroke, and number of cylinders. It may be 
measured, performance wise, in terms of the 
torque and horsepower it develops, and in 
efflciency. These various terms^ their meaningis 
and their application will be discussed hare. But, 
before you get into the discussion, there are a 
few engineering terms with which you need to 
become faniiliar. 

DEFINITIONS 

WORK, in the mechanical sense of the term, 
is done when a resistance is overcome by a force 
acting throu^ a measured distance, When a 
weight is lifted from the pound, work is done 
on the weight. It is moved upward against the 
force of gravity. When a bulldoier pushes over a 
tree, work Is done as it forces it to the ground. If 
a Mb weight is Ufted 1 ft, 1 FOOT-POUND of 
work is done, 

ENERGY is the ability to do work. When 
work is done on a body, ene^y is stored in that 
body* TTie higher a weight is lifted from the 
ground j the more ene^y is stored in the weight. 
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Then, when it falls, it will strike the ground 
hard; that is, it will do more work on the 
ground. 

POWER is the rate at which work is done. It 
takes more power to work rapidly than to work 
slowly. Engines are rated in terms of the amount 
of work they can do per minute. An en^ne 
which can do more work per minute than 
another is said to be more powerful. 

TTie work capacity of an en^ne is measured 
in horsipower. A HORSEPOWER (hp) is the 
power of a horse, or a measure of the rate at 
which a horse can do work. It has been found 
that an average hone can lift a weight of 200 lb 
a distance of 165 ft in 1 minute. Tlie amount of 
work Involved here is 33^000 foot-pounds (165 
times 200), If 100 lb were lifted 330 ft, or if 
330 lb were lifted 100 ft, the amount of work 
would be the samej 33,000 foot-pounds. When 
this amount of work is done in 1 minute, then 1 
horsepower is required. If it takes 2 minutes to 
do this amount of work, then 16,500 
foot-pounds per minute, or 1/2 hp, would be 
required. The formula for horsepower is 

hp = ft "lb. per min _ L x W 
33,000 33,000 X t 



L - length, in feet, through which W is 
moved 

W = force, in pounds, that is exerted 
through dlitance L 

t ^ time, in minutes, required to move 
W through L 

^ere are a number of devices that may be 
used to measitfe the hp of an engine, The most 
common device used for this purpose is the 
dynamometer. 

An ENGINE DYNAMOMETER may be used 
to test an en^e that has been removed from 
the vehicle it drives. If the enpne does not 
develop the manufacturer's recommended 
horse^wer and torque at specific rpm*s, you 
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Figure 2^10«^Qhmis dynamameter* 
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)w there is need for further adjustments 
and/or repairs on tha enpna. 

Tlie CHASSIS DYNAMOMETER Is used for 
automotive sendee, since it can pve a very quick 
report on enpne conditions by measuring 
output at various speeds and loads. Ttds type of 
machine is ve^ useful in shop testing and 
adjusting automatic transmissions. 

On thechasiis dynamometer, figure 2-10 the 
driving wheels of the vefiicle are placed on 
rollers. TTie engine drives the wheels and the 
wheels drive the rollers. By loading the rollers 
varying amounts and by running the enpne at 
different rpm's, nearly all normal driving 
conditions can be simulated. TTie tests and 
checks can be made ^^thout the interference of 
body nbis^^ such as you would have when 
checking the veUcle on the road. 



TORQUE is twisting^ or turning, effort. 
When the lid on a jar is loosened^ a twisting 
force, or torque, is applied to it. You apply 
torque to a wrench when you tighten or loosen a 
nut. Torque is measured in pound-feet (not to 
be confused mth work^ which Is measured in 
foot-pounds). For instance, suppose a wrench is 
used to tighten a nut on a stud, If the handle of 
the wrench were 1-ft long and a 10-lb force were 
put on its end, 10 pound-feet of torque would 
be applied to the nut An illustration of a torque 
wench in use is shown in figure 2-1 L 

Do not confuse torque with work or with 
power. Both work and power indicate motion, 
but torque does not. It Is merely a turning effort 
the engine applies to the wheels through geai^ 
and shafts* 

FRICTION is the resistance to motion 
between two objects in contact with each other. 
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FIgurt 2^11«-^Torqy« wfindi in us€, tightening main 
bearing ittid of an engina. 

The reason i sled will not slide on bare earth is 
because of friction. It slides on snow because 
snow offers littie resistance^ while the bare earth 
offeiB much resistance* 

Friction is both dedrable and undesirable in 
an automobile or any other vehicle. Friction in 
the enpne is undesirable because it decreases the 
power Output; in other words, it uses up some of 
the energy of the en^ne. This is overcome by 
using oil so the moving components in the 
en^e will slide or roll over each other 
smoothly. Friction is desirable in clutches and 
brakes since friction is exactly what is needed 
for them to perform their function properly. 

One other term you will often encounter is 
INERTIA* Inertia is a characteristic of all 
material objects. It ^uses them to resist any 
change of speed or direction, of tmvel. A 
motiohle^ object tends to remain at rest and a 
movini object tends to keep moving at the same 
speed and in the same direction. A godd 
example of inertia is the tendency of your 



automobile to keep moving after your foot is 
removed from the accelerator. You apply the 
brake to overcome the inertia of the automobile, 
or its tendency to keep moving. 

The term EFFICIENCY means the 
relatlonihip between the actual and theroretical 
power output. 

VOLUMETRIC EFFICIENCY is the ratio 
between the amount of fueUair mixture that 
actually ente^ the cylinder and the amount that 
could enter under ideal conditions. The greater 
the volumetric efflciency, the greater the 
amount of fuel-air mixture entering the cylinder; 
and the peater the amount of fuel-air mixture, 
the more power produced from the engine 
cylinder. 

Volumetric efficiency can be improved by 
using a blower, or air-compre$iing device. On 
gasoline engines this device is called a 
supercharger. It raises the air pressure above 
atmospheric pressure so that the air is pushed 
into the cylinder. 

MECHANICAL EFFICIENCY is the 
relationship between brake horsepower (bhp) 
and indicated horsepower (ihp). Brake 
horsepower is the actual power put out by the 
enpne, while ihp is the power developed inside 
the cylinder. From mechanical efficiency you 
can tell what percentage of the power developed 
in the cylinder is actually being delivered by the 
enpne. 'Die remaining percent of power which is 
not delivered is consumed by friction, 
sometime computed as friction horsepower 
(fhp). 

The term THERMAL means **of or 
pertaining to heat." THERMAL EFFICIENCY 
of the engine is the relationship between the 
power output and the energy in the fuel burned 
to produce this output* Themial efficiency has a 
direct relationdup to heat losses in the enpne. 
Bemuse there is a peat deal of heat lost during 
enpne operation, thennd efflciency usually 
remains quite low at about 20 to 25 percent. 

LINEAR MEASUREMENTS 

The aze of an enpne cylinder is usually 
indicated in tems of bore and stroke. (See fig. 
2-12.) BORE is the inside diameter of the 
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figufB 2^13.— iors ind s^oka of an mnqlm cylindif. 
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cylinder, STROKE is the distance between top 
dead center and bottom dead center. The bore is 
always metioned first. For example, a 3 1/2 x 4 
cylinder means that the cylinder bore^ or 
diameter, is 3 1/2 inches and the length of the 
stroke is 4 inches. These measurements are used 
to figure piston displacement, 

PISTON DISPLACEMENT is the volume of 
space that the piston displaces as it moves from 
one end of the stroke to the other. Tlius the 
piston displacement in a 3 1/2-inch by 4-inch 
cylinder would be the area of a 3 1/2-iiich circle 
multiplied by 4, the length of the stroke. The 
area of a circle is ^R^ where R is the radius (that 
is, one-half the diameter) of the circle. Letting S 
be the length of the stroke, the formula for the 
volume (V) is 

V = 7rR^ xS 

If this formula is applied to figure 2-1 2, the 
piston displacement is computed as follows: 

R = 1/2 the diameter^ 1/2x3.5= 1,75 in 
f ^3,14 

then V ^ ^ (1.75)^ x 4 

V = 3.14 X 3.06 X 4 

V 38.43 cu in. 

- * TTie total displacement of an engine is found 
by multiplying the volume of one cylinder by 
the total number of cylinders. 

^GINE PERFORMANCE 

The COMPRESSION RATIO of an entf ne is 
a measurement of how much the air-fuel charge 
is compressed in the en^ne cylinder. It is 
calculated by dividing th§ volume of one 
cylinder with the piston at BDC by the volume 
with the piston TDC (fig. 2-13). One should 
note that the volume, space B in figure 2-13 is 
called the clearance volume. 

For example^ suppose that an enpne 
er has a volume of 63 cu in. with the 
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piston at BDC, and a volume of 10 cu in. with 
the piston at TDC. The impression ratio of this 
cylmdef would be 6.3 to 1, determined by 
dividing 63 cubic inches by 10 cubic inches* 
That iSi the air-fuel mixture is compresiid from 
63 to 10 cu. in, or to 1/6 J of its original volume* 

Two major advantages of increasing 
compression ratio are that power and economy 
of the engine improve without any added weight 
or size. The improvements come about because 
with a higher compression ratio the air-fuel 
mixture is squeezed more, TTus means a higher 
initial pressure at the start of the power stroke. 
As a result, there is more force on the piston for 
a greater part of the power stroke. Therefore^ 
more power is obtained from each power stroke* 

Increasing the compression ratlo^ however, 
brings up some problems. Fuel will stand only a 
certain amount of squeezing without knocking* 
Knocking is the sudden burning of the fuel-air 
mixture which causes a quick increase in 
pressure and a resulting rapping or knocking 
noise. TTie fuel chemists have overcome this 
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knocking by creating antiknock fuels* 
(Antiknock fuels are described In a later chapter 
of this manual.) 

Oxygen must be present if combuition is to 
occiir in the cylinder, and since air is the source 
of supply of oxygen used in engines, the 
problem arises of getting the proper amount of 
air to support combustion. This factor is 
commonly known as the AIR-FUEL RATIO. A 
gasoline engine normally operates at 
intermediate speeds on a 15 to 1 ratio; that is? 
15 pounds of air to 1 pound of gaioline. 

TMTNG 

In a gasoline engine, the valves must open 
and close at the proper times with regard to 
piston position and stroke. In addition, the 
ignition system must produce the sparks at the 
proper time so that the power strokes can start. 
Both valve and Ipiltion system action must be 
propetly timed if good enpne perfomtanQe Is to 
be obtained* 
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FIgura 2-14*— Tvpioiri valvt timmgdiigrims. 
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VALVE TIMING referi to the exact times in 
the engine cycle at which the valves trap the 
niixtura amj then allow the burned gases to 
escape. Tlie valves must open and close so that 
they are constantly in step with the piston 
movement In the cylinder where they are 
located. The position of the valves is ^detarmlned 
by the camshaft; the position of the piston is 
determined by the crankshaft. Correct valve 
timing is obtained by providing the proper 
relationship between the camshaft and the 
crankshaft. In actud operation the time at 
which the valves operate will vary^ as shown in 
the typical vabe timing diapam (fig, 2-14.) 



Valve timing is discussed more flilly in a later 
chapter of this book. 

When the piston is at TDC the crankshaft 
can move 1 5° to 20° without causing the piston 
to move up and down any noticeable distance. 
This is one of the two ROCK POSITIONS (fig. 
2- IS). When the piston moves up on the exhaust 
stroke, considerable momentum is pven to the 
exhaust gases as they pa^ out through the 
exhaust valve port, but if the exhaust valve 
closes at TDC, a small amount of the gases will 
be trapped and will dilute the incoming fuel-air 
mixture when the intake valves open* Since the 
piston has little downward movement while in 
the rock p^ition, the exhaust valve can remain 
open during this period and thereby permit a 
more complete scavenpng of the exhaust gases. 

IGNITION TIMING refers to the timing of 
the spark plug firing with relation to the piston 
position during the compression and power 
strokes. /Hie ipiition system is timed so that the 
spark OCCUR before the piston reaches TDC on 
the compression stroke. This gives the mixture 
enough time to ignite and start burning. 

If this time were not provided-that is, if the 
spark occurred at or after TDC- then the 
pressure inCTcases would take place too late to 
provide a full power stroke. 

At higher speeds, there is still less time for 
the fuel-dr mixture to Ipiite and bum. In order 
to compensate for this, and thereby avoid power 
loss, the ignition system Includes both a vacuum 
and a mechanical advance mechanism that alters 
ipiition timing as enpne speed increases* There 
will be more on this in a later chapter of this 
manual. 
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CHAPTER 3 

INTERNAL COMBUSTION ENGINES— CONSTRUCTION 



In the precading chapter, you learned how 
the internal combuition engine operates. You 
also learned how the basic moving parts of the 
enpne move in a timed relationihip to one 
another during engine operation. 

This chapter introduces you to the many 
stationary parts and provides more information 
on the moving parts of an internal combustion 
engine. As a CM* you are concerned with how 
these parts are made, what materials they are 
made of, and their relationship to one another in 
the smooth and efficient operation of the 
internal combustion engine. 

Information is also provided which will 
enable you to diagnose malfunctions of the 
engine and to decide what method to use in the 
correction of these malfunctions. Since gasoline 
and diesel engines used in today's constwction 
equipment are all basically the same intemallys 
the majority of items covered In this chapter 
applies to both. 



ENGINE CONSTRUCTION 

Basic en^na construction, varies little, 
regardless of size and design of the enpne. The 
intended use of an enpne must be considered 
before the desipi and size can be determined. 
The temperature at which an engine will operate 
has a peat deal to do with determining what 
metals must used in its conitniction* 

To simplify the service parts problem in the 
fleld, and also to simplify servicing procedures, 
the present trend in engine construction and 
design is toward what is called ENGINE 
FAMILIES. There must, of necessity, be many 



different kinds of enpnes because there are 
many kinds of jobs to be done. However, the 
service and service parts problem can be 
simplified by desipiing enpnes so that they are 
closely related in cylinder size, valve 
arrangenients etc. As an example, the GM series 
71 enpnes can be obtained in 2-, 3-, 4-, and 
6-cylinder inline models, GM V-type engines 
come in 6-, 8-, 12-, and 16-cy Under models. 
TTiese engines are desipied so that many of the 
intemal parts can be used on any of the models. 

STATIONARY PARTS 

The stationaty parts of an engine include the 
cylinder block, cylinder, cylinder head or heads, 
crankcase; and the exhaust and intake 
manifolds. These parts furnish the framework of 
the engine* AH movable parts are attached to or 
fitted into this framework, 

ENGDfE CYLmDER BLOCK 

'nie engine cylinder block is the basic frame 
of a liquid-cooled engine^ whether it be inlines 
horizontally opposed, or V-type, The cylinder 
block and crankcase are often cast in one piece; 
this is the heaviest single piece of metal in the 
engine, (See fig. 3-L) In most large diesel 
engines, such as those used in power plants, the 
crankcase is cast separately and is attached to a 
heavy stationary engine base. 

In practically all automotive and 
construction equipment, however, the cylinder 
block and crankcase are cast in one piece, ^is 
type of cylinder block is designated as a 
cast-en-block or monoblock engine. In this 
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manual we are concerned primarily with 
monoblock liquid-cooled engines. 

The cylinders of a liquid-cooled engine are 
airrounded by Interconnecting passages cast in 
the block. Collectively these passages fonn the 
WATER JACKET, which allQws the circulation 
of coolant through the cylinder block and the ^ 
cylinder head to cany off the excessive heat 
created by combustlon. 

Tlie water jacket is acceiSible through holes 
machined In the head and block to allow 
removal of the material used for the casting of 
the cylinder block. "Hieie holes are called core 
holes and are sealed by CORE HOLE PLUGS 
(freeze plugs). These plugs are of two types: cup 
and disk. Figure 3-2 Ulustrates typical 
installation of these plugs. 

The air-cooled engine differs from that of a 
liquid-cooled engine in that the cylinders have 
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closely spaced fins surrounding the barreL (Sea 
fig. 3-3,) These fins provide a greatly increased 
surface area from which heat can be dissipated* 
This is in contrast to the liquid'Cooled engine, 
whlph has a water jacket around its cylindeis. 

CYLINDER BLOCK CONSTRUCnON 

TTie cylinder block is cast from gmy iron of 
iron alloyed wth other metals such as nickel, 
chromium, or molybdenum. Some li^tweight 
engine blocks are made from aluminum alloy* 

Cylinders are machined by grinding, and/or 
boring, to give them the deiired true inner 
surface. During normal engine operation, 
cylinder walls will wear out-of-round, or they 
may become cracked and scored if not properly 
lubricated or cooled, LINERS (fig. 3^) made of 
metal alloys resistant to wear, are u^d in many 
gasoline anpnes and practically all dieiel engines 
to lessen wear. Liners for 4-stroke cycle enpnes 
do not have air inlet ports as shown in figure 
3-5. After they have been worn beyond the 
maximum oversize, the liners can be replaced 
individually, permitting the use of standard 
pistons and rings. Thus you can avoid replacing 
the entire cylinder block 

The liners are inserted Into a hole in the 
block with either a PRESS FIT or a SLIP FIT 
Liners are further designated as WET-TYPE or 
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Figure 3>4.--Cyllniiir iii^r ippli^tion. 



DRY-TYPE, The wet-type liner comes in direct 
contact with the coolant and is sealed at the top 
by the use of a metallic sealing ring and at the 
bottom by a rubber sealing ring; the diy'type 
liner does not contact the coolant. Special 
precautions must be taken with the seals when 
installing a wet-type liner. Use a lubricant on the 
seals to prevent them from rolling or twisting. 
Soap or brake fluid is recommended for this 
purpose. Continued overheating of an engine 
during operation or improperly installed seals 
will allow the coolant to enter the crankcase and 
contaminate the engine olL To determine which 
seals are leaking. It is neceisaty to remove the 
engine oil pan or inspection covers on the 
crankcase and pressurize the cooling system, 
observing the liners through the crankcase for 
leakage. 

Cylinder wear is caused by dirt getting 
through the air cleaner and acting as a grinding 
compound, by side thrust of the piston, and by 
pressure of the piston rings against the cylinder 
walls. Liners, therefore, do not completely 
prevent wear. To check on wear and to 
determine how much overhaul is required^ use 
special gages and mlcrometere to obtain correct 
measurements, Check the measurements you get 
with the specifications given in the 
manufacturer's manual. Most cylinder wall wear 
occura at the top of piston travel where 
pressures are greatest. 

Engine blocks for L-head engines contain the 
passageways for the valves and valve ports. The 
lower part of the block (crankcase) supports the 
crankshaft (with main bearings and bearing caps) 
and also provides a place for fastening the oil 
pan. 

The camshaft is supported in the cylinder 
block by bushings that fit into machined holes 
in the block, On L-head inline engines, the 
intake and exhaust manifolds are attached to the 
side of the cylinder block. 

CYLINDER HEAD 

The cylinder head provides the combustion 
chamber for the engine cylinders. It is built to 
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The I-head (overhead-valve) typa of cylinder 
head (flg* 3-7) contains not only water Jackets 
for cooling spari^lug^enings, vdya pockets, 
and part of the combustion chamber, but It also 
contains and supports the valves and valve 
opeimting mechanisms/ In this type of c 
head, the water Jackets must be large enough to 
cool not only the top of tbe combustton 
chamber but also the valve leatSj valves^ md 
valva-opemttng mechMkms, 

CRANKCASE 

ITie OTMikcase is that part of the englna 
block below the cylinders, It^pports and 
encloses ^e crankshaft ud provides a reserirQir 
for the lubricattng oil, Oftentimei tiiere are 
places provided on the crankcasa for fte 
mounting of the oil pump, oil fllter» starting 
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motor, and the generator. TTie lower part of the 
crankcase is the OIL PAN, which is bolted at the 
bottoni. The oil pan may be made of pressed 
steel or cast metal and holds the lubricating oil 
for the enpne. Since it is the lowest part of the 
power plant, the oil pan must be strong enough 
to withstand blows from flying stones and 
obstruotions sticking up from the road surfaces. 
Checking for dents in the pan and oil leaks is an 
unportant part of your job* Get Into the habit of 
checking the spot where the vehicle was parked 
for water or oil leakage. 

Tlie oil pump in the lubricating system 
draws oil from the oil pan and sends it to 
worldng parts in the enpne. As the oil drains off 
and runs down into the pan^ it is picked up by 
tfie oil pump again and recirculated through the 
engine. 

"^e crankcase dso has mounting brackets 
which support the entire en©ne on the vehicle 
fr^e. These biBckets are either an integral part 
of the cranked or are bolted to it in such a way 
that they support the enpne at three or four 



points* TTiese points of contact usually are 
cushioned by rubber mounts which insulate the 
frame and body of the vehicle from engine 
\dbrati0n5 and therefore prevent damage to the 
engine supports and the transmission* 

As a result of normal engine operationj 
water or gasoline may seep down and appear in 
the crankcase* The^ liquids evaporate after the 
engine reaches operating temperature, and the 
vapon are removed by ventilation. 



EXHAUST MANIFOLD 

TTie exhaust manifold is essentially a tube 
tiiat carriers waste products of combustion from 
the cylinders. On L-head engines the exhaust 
manifold is bolted to the side of the engine 
block; on overhead-valve engines it is bolted to 
die side of the engine cylinder head* Exhaust 
manifolds may be single iron castings or may be 
cast in sections* They have a smooth interior 
surface with no abmpt changes In size. (See fig. 
3-8*) 
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equipped with an exhaust gas recirculation 
systeni. 

GASKETS 

The principal stationary parts on an engina 
have just bean explained. The gaskets (flg, 3-9) 
that seive as seals between these parts require as 
much attention during assenribly as any other 
part. It is impmctical to niachine all surfaces so 
that they fit together to form a perfect seal, ^nie 
gaskets make a sealed Joint that will prevent loss 
of compreiiionj coolant or lubricant 
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The CYLINDER HEAD GASKET Is placed 
between the cylinder head and engine block to 
maintain a gastight and coolantti^t seal. TTiese 
gaskets may be metal sheets soft enough to 
deform as required but they are usually made in 
the form of two thin plates of soft metal with 
asbestos filling between them. Holes are 
punched in the gasket to confomi with the 
openings in the head and block, which allows 
the cooling water to circulate. If a poorly made 
or improper gasket is used^ the flow of cooling 
water may be restricted, causing troublesome 
hot spots. 

On some engines, especially V-type, the 
gaskets are so nearly unifom that they can be 
turned upside down or end for end and still fit 
ttie retaining studs and combustion chamber. If 
tfiey are improperly installed, however, they will 
stop water circulation at some parts of the 
engine. It is important to make sure the correct 
gasket is used and that the side marked UP or 
TOP is facing away from the block. If no 
markings are found, the first surface of the 
g^ket is placed against the block. 

^e INTAKE AND EXHAUST MANIFOLD 
GASKETS are usually made from asbestos 
formed to the desired shape. Some of them 
are metal covered and similar in construction to a 
head gasket. Because of the heat of the exhaust 
and intake air, it is necessary that manifold 
gaskets be made from a material that will not 
bum. 

Th& OIL PAN GASKET is generally made 
from pressed cork. It may be made in one piece 
but more often it is made in two pieces— one 
piece for each side of the pan. Each end of the 
pan is sealed with cork or neoprene gasket 
material. 

Tile other gaskets for an engine are usually 
cut from pressed paper that is oil resistant. The 
diickness of the paper varies in accordance with 
manufacturer's recommendations. Often the 
gaskets used will create specified clearancei 
between stationary parts of an enpne. 

Men installing any gasket in an enpne, it is 
important that the surfaces to be sealed be clean 
and free from grit and parts of the old gasket. A 
putty knife is useftil for cleanmg gasket surfaces. 
You must be sure the g^ket is in the proper 
position and does not sHp when the two pwts 
are brou^t together. Heavy grease or a g^ket 
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compound will help you make sure the gMkets 
stay in plact and form a good seal, 

SEALS 

As explained Bbove, gaskets prevent leaks 
between stationary parts* As these gaskets are 
not made to withstand movement of the engine 
components, we have to use something to 
prevent loss of liquids as the enpne operates. 
Seails or **0*' riiip are used to seal the clearances 
between the moving and stationaty parts and the 
outside of the enpne. 

Seals manufactured today are too numerous 
in desipi to attempt coverage of each particular 
design in tlus text. We will mention the more 
common types and their use only. Most seds 
you will become familiar with are made of 
neoprene rubber, molded or crimped to a metal 
backing. These are known as lip-type seals. The 
metal seals the outside diameter of the hole It is 
used in by a press fit The neoprenes which is 
flexible and gives a snug fit around the moving 
part, seals the inside to prevent leakage. 

"O" rings, another type of seal, are used 
primarily in places where the clearance is 
considerably smaller than with lip=type seals. As 
the parts are installed, the *'0** ring is squeezed 
to form a tight seal. 

On most automotive engines, the rear main 
seal is a 2-piece strip of molded neoprene 
rubber, which is squeezed around the rear of the 
crankshaft between the engine block and rear 
main bearing cap. This seal works in the same 
manner as the "'O" ring. 

As you gain experience in the mechanical 
field, you will able to recognize the different 
types of seals and how they work to prevent 
leaks. In the meantime^ if you discover a seal 
that you have a question about, ask your senior 
petty officers or the chief. They will be able to 
explain how seals work and why they are made 
differently. 

MOVING PARTS OF AN ENGINE 

The moving parts of an engine serve an 
important function in turning heat energy into 
mechanical energy. They further convert 
reciprocal motion into rotary motion. The 



principal rnoving p^ts are the piston assembly, 
connecting rodSi crankshaft assembly (including 
flywheel and vibration dainpener), camshaft, 
valves, and gear train. 

The buming of the airfuel mixture within 
die cylinder exerts a pressure on the piston, thus 
pushing it down in the cylinder. TTie action of 
the connecting rod and crankihaft converts this 
downward motion to a rotary motion. 

PISTON ASSEMBLY 

Engine pistons serve a number of puiposes: 
they transmit the force of combustion to the 
crankshaft through the connecting rod ; they act 
as a guide for the upper end of the connecting 
rod; and they serve as a carrier for the piston 
rings used to seal the compression in the 
cylinder. (See fig. 3-10,) Some pistons are 
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dasigied to cause turbulent in the cylinder in 
order to muc the air and fuel more efficiantly. 
T^esa pistons are discussed in a liter chapter in 
connection with the diesel fuel system. 

The piston must coiiie to a complete stop at 
tiie end of each stroke before reveising its coune 
in the cylinder. To vrfthstand this mgged 
treatment and wear, it must be made of tough 
material, yet be li^t in weight To overcome 
inertia and momentum at high speeds, it must be 
carefully balanced and welded, Ml the pistons 
used in any one en^ne must be of siniilar weight 
to avoid excessive vibration* 

Kstons are made of grey cast Iron or of 
aluminum alloy* The former is the heavier and is 
often used in slower, heavy-duty engines; the 
latter is of lighter weight and Is more adaptable 
to the modem, high-speed en^ne. To reduce 
weight, the head and skirt of the piston are 
made as thin as is consistent with the strength 
required. Ribs are an intergral part of the piston 
which reinforce the head; the ribs also assist in 
conducting heat from the head of the piston to 
the piston rinp and out through the cylinder 
walls, 



The structural components of the piston are 
the HEAD, SKIRT, RING GROOVES, and 
LANDS (fig. 3-11). However, all pistons do not 
look like the typical one illustrated here. Some 
have differently shaped heads. Diesel engine 
pistons usually have more ring grooves and rings 
than the pistons of gasoline engines. Some of 
these rings may be installed below as well as 
above the WRIST or PISTON PIN (rig. 3-12), 

Fitting pistons properly is Important, 
Because metal expands when heated, and' 
because space must be provided for lubricants 
between tiie pistons and the cylinder walls, the 
pistons are fitted to the engine with a specified 
clearance. TTiis clearance depends upon the size 
or diameter of the piston and the material from 
which it is made. Cast iron does not expand as 
ftst or ai much as aluminum. Aluminum pistons 
require more clearance to prevent bliiding or 
seizing when the engine gets hot. The skirt or 
bottom part of the piston runs much cooler than 
the top; therefore, it does not lequire as much 
clearance as the head. 

TTie piston is kept in alinement by the skirt, 
which is usually CAM GROUND (elliptical in 
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cross section) as indicatid in figure 3-13. This 
dUptical shape ptrmits the piston to fit the 
cylinder, rigardlass of whether the piston is cold 
or at opermting tempiratura, TTie narrowest 
diameter of the piston is at the piston pin 
bosses, wharg the metal is thickest. At the 
widest diainetar of the pistonj the piston skirt is 
thinnest. The piston is fitted to cl^e limits at its 
widest diameter so that piston noise (slap) is 
prevented during enpne warmup. As the piston 
is expandad by the heat generated during 
operation^ it becomes round because the 
expOTsibn is proportional to the thickness of the 
metal. The walli of the skirt are cut away as 
much as possible to reduce weight and to 
prevent excessive expansion during engine 
operation. Many aluminum pistons are . made 
with SPLIT SKIRTS so that when the pistons 
expand the skirt diameter will not Increase. 

Two types of piston skirts found in most 
en^es are the FULL TRUNK and the 
SLIPPER. T^e full-trunk type skirt has a full 
cylindricd shape with bearing surfaces parallel 



to those of the cylinder, giving more strength 
and better control of the oil film. The SLIPPER 
TYPE (CUTAWAY) skirt has considerable relief 
on the sides of the skirt, providing clearance for 
crankihaft counterweights and leaving less area 
for possible contact with the cylinder walls and 
thereby reducing friction. 

Piston Pins 

TTie piston is attached to the connecting rod 
by means of the piston pin (wrist pin). The pin 
passes through the piston pin boaes and through 
the upper end of the connecting rods which rides 
within the piston on the middle of the pin. 
Piston pins are made of alloy steel with a 
precision finish and are case-hardened and 
sometimes chromium-plated to increase their 
wearing qualities, TTieir tubular construction 
^ves tfiem a maximum of strength with a 
minimum of wei^t. They are lubricated by 
^lash from the crankcase or by pressure 
through passages bored in the connecting rodi. 
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THi ILLIPTICAL SHAPI OF THE PISTON 
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There are three mathods comnionly used for 
fastaning a piston pin to the piston and tha 
connecting rod, (See fig. 3-14) An anchored, or 
fixedi pin is attached to the piston by a screw 
nmning through one of the bows; the 
connecting rod oscillatei on the pm, A 
seniifloating pin is inchored to the connecting 
rod md ttims in the piston pm bosses. A 
full-floating pin is free to retate in the 
wnnecting rod and in the bossis, but is 
prevented from working out against the sides of 
ttie cylinder by plup or snapring locks. 

Piiton Bh^ 

Piston rinp are used on pbtons to maintain 
g^ti^t seals tetween the pistons and cylindeis, 
to aitist in coolnig the piston, and to confrol 
cylmdei^wdl lubrication. About ona-third of the 
heat ataorbed by the piston p^es ttirough the 



rings to the cylinder wdL Although piston rings 
have bean made from many materials, cast iron 
has proved the most satisfactoiy, as it 
wthstandi heat, foms a good wearing surface, 
and retains a great amount of its elasticity after 
considerable use. Piston rinp are often quite 
complicated In desiei, are heat treated in various 
ways, and are plated with other metals. TTiere 
are two distinct classifications of piston rings: 
compression rings and oil control rings. (See fle. 
3-150 

TTie principal function of a compression ring 
is to seal in tiie air-fuel mixture as it is 
compressed and also seal in the combustion 
pressures as the mixture burns during the 
comprasiion and power strokes. All piston rings 
are spUt to pennit ^sembly to the piiton and to 
aUow for expansion, Wien the ring is in place, 
ttie ends of the spUt joint do not form a perfect 
seal; therefore, it is necessary to use more than 
one ring and to staler ttie joints around the 
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pinton. If cylinders are worn, expwiders (figs, 
3-12 and 3-15) are somatimis used to inmm a 
ptrfict ^al. 

The bottom ringt usuily located just above 
the piston pin* is an oil-regulating ring* This ring 
scrapfs the excess oil from tiie cylinder walli 
md returns ^me oi it, through slots, to the 
piston ring pooves. Tlie ring groove under an oil 
ring is provided with openinp throu^ which 
the oil flows back into the crankcase. In some 
en^nes, additional oil rin^ are used in the 
piston skirt balow the piston pin* 

Prior to installing a new ring, fmt fit it, 
proper side up, by puling it part way into the 
cylinder. By using the top of the piston as a 
guide, the ring will be located in the proper 
plane in the cylinder Check the gap between the 
ends of the ring. Clearances are specified in the 
manufacturer's manual and should be carefully 
adhered to. 

Rings must be fitted also for the proper side 
clearance. (See fig. 3-16.) This clearance will 
vary in different types and makes of engines; 
however, in the diesel en^ne the rings must be 
pven a greater clearance than in the gasoline 
engine. If too much side clearance is given ,the 
rinp, excessive wear on the landi wilf result. If 
there is too little side clearance, expariSion may 
cause the lands to break. 



CONNECrWG RODS 

Connecting rods must be light and yet itrong 
enough to transmit the thmst of the pistons to 
the crankshaft* Connecting rods are drop-forged 
from a steel alloy capable of withstanding heavy 
loads without bending or twisting. Holes at the 
upper and lower ends are machined to permit 
accurate fittings of bearings. These holes must 
be pirallel. 

TTia upper end of the connecting rod is 
connected to the piston by the piston pin* If the 
piston pui is locked in the piston pin bosses, or 
if it floats in both piston and connecting rod? 
ttie upper hole of the connecting rod will have a 
solid bearing (bushing) of bronze or similar 
material. Aj the lower end of the connecting rod 
revolves wtii ttie crankshaft, the upper end is 
forced to turn back and forth on the piston pin. 
Alttiough this movement is slight, the bushing is 
necessary because the temperatures and the 
pressurii are hi^. If the piston pin is 
semifloatings a bushing is not needed. 

TTie lower hole in the connecting rod is split 
to permit it to be clamped around the 
crankshaft* TTie bottom p^t, or caps is made of 
flie same material as the rod and is attached by 
two or more bolts. The surface that bears on the 
crankshaft ii generally a bearing material in the 
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Figura 3^14*— PiMin pin typMS, 
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FIgura 3-1S,^PistQn rin^. 



form of a separate split shell, although, in a few 
cases. It may be spun or die-cast in the Inside of 
the rod aiid cap during manufacture. The two 
parts of the saparate bearing are poiitioned in 
the rod and cap by dowel pins, projections, or 
short brasi screws. The shell may be of babbitt 
metal thit is dle-c^t on a backing of bronie or 
steal Split bearinp may be of the precision or 
semipreciiion type, 

Tha PRECISION type bearing is accurately 
finished to fit the crankpin and does not require 
further fitting during Installation. It is 
positioned by projectioni on the shell which 
match reliefs in the rod and cap. The projections 
prevent the bearinp from moving sideways and 
from rotary motion In the rod and cap* 




INSTAULlNG PISTON AND RINGS 
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Figuft 3^16.^F|tting piitan ring and Installing piiton* 



Th^ SEMIPRECISION type bearing is 
uiudly fastened to or die-cast with the rod and 
cap. Prior to installation. It is machined and 
fitted to the proper inside diameter with cap and 
rod bolted together. 

To maintain good engine balancej 
connecting rods are carefully matched in sets, 
^en it becomes necessary to remove the 
connacting rods, make ^re they are marked so 
they can be replaced in the same cylinder from 
which they were amoved. Most rods are marked 
at the factory, but if they are not, use a center 
punch or hacksaw to mark them in such a way 
that you will not get them mixed. 

In addition to the proper fit of the 
connecting rod bearings md the proper position 
of the connecting rod, the alinament of the rod 
itself must ba coniiderad. TTiat is to. say, the 
hole for the piston pin and the crankpin must be 
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precisely parallel Equipment of luitable 
accuracy is available for checking connecting 
rods, (See fig. 3-170 EVERY cDnnecting rod 
should be checked for proper alinement just 
before it is installed in the engini. Miialinement 
of connecting rods will cause many 
hard-to-locate noisai in the engine. 

CRANKSHAFT 

As the pistons collectively might be regarted 
as the heart of the engine, so the 
CRANKSHAFT may be considered its backboni 
(fig. 3-18). It ties together the reactions of the 
pistons and the connecting rods, transforming; 
their reciprocating motion into a rotaiy motion, 
and it transmits enpne power thK^ugh the 
flywheel, clutch, transmission^ and differential 
to drive your vehicle. 

The crankshaft is forged or cast from an 
alloy of steel and nickel, is machined smooth to 
provide bearing surfaces for the connecting rods 
and the main bearings^ and is 
CASEHARDENED, or coated In a furnace with 
copper alloyed with carbon. TTiese bearing 
surfaces are called JOURNALS. The crankshaft 
counterweights impede the centrifugal force of 




the connecting rod assembly attached to the 
TOROWS or points of bearing support, These 
throws must be placed so that they 
counterbalance each other. 

Crank throw arrangements for 4-^ and 
S-cylinder enginei are shown in figire 3-19. 
FouMylinder engine crankshafts have either 
three or five main support bearingi and four 
throws in one plane. In ngure 3-19 you see that 
the throws for No. 1 and No. 4 cylindeis 
(4^ylinder enpne) are 180^ from those for No. 
2 and No, 3 cylindeii. On 6-cyUndef engine 
crankshafti, each of the three pairs of throws is 
arranged 120^ from the other two. Such 
crankshafts may be supported by as many as 
seven main bearings; that iSj one at each end of 
ttie shaft and one between each of the 
crankshaft throws* The crankshafti of 8-cylinder 
V-type engines are similar to those for the 
4-cyUnder inline type or may have each of the 
four throws nked at 90^ from each other (as in 
fig. 3-19) for better balance and smoother 
operation. 

V-type engines usually have two connecting 
rods fastened side by side on one crankshaft 
flirow. With this arrangement one bank of the 
engine cyUnden is set sUghtly ahead of the other 
to allow the two rods to clear each other. 

Any piece of rotating machinery has a 
CRITICAL SPEED at wWch it will vibrate. 
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Figura 3-17,'-Meeking eonra^ng rod ilignAmant, 
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Figure 3^19.^raiilahaft and tfirow arrangeminti eommonly uitd. 
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JS* the thrust of power discribed in the 
preceding piri^phs craates a torsional or 
twisttng vibration of the emnkshaft Tonional 
vibration is noticaible iii long erankshafti, and 
unUss it is controlled, the crankshaft could 
braak. If you can imagina a mbber tube being 
tvdsted by a forceful turn of a wheal to which it 
is connected, you em visualiza a similar 
characteristic in the crankshaft (only to a much 
lesser degree) m it begins to tarn against the 
inertia of the fly wheeL 

The crank^aft rotatts in MAIN bearings 
located at both of its andi and at cartain 
mtermadiate pointe* Mmt cmnkdiaft bearings 
are precidon bearinp (prifit) Oiat condst of a 
hard shell of steel or bronze, with a thin lining 
of ajitifrictional metal or bearing aUoy. T^ese 
tearinp often a« channaled for ofl distribution 
and may be lubricated ^th craikcasa oil by 
priessuji through drilled passages or by splash. 



Some main bearinp have inte^al thrust faces 
that eliminate crankshaft and play. To pi«vent 
loss of oil, seals are placed at both ends of the 
crankshaft where it extends through the 
crankcase. Similar seals are placed in the 
channels provided in the upper half of the 
bearings, y/hm replacing main bearings, tighten 
the bearing-cap bolts to the proper tension with 
a torque wrench and lock them with a cottar pin 
or safety wire after they are in place* 

Engine crankshafts are lane and expensive; 
therefore, it Is often desirable to repmr them 
rather thm replace them. An anpne crankshaft 
is subjected to terrific stresses and it may 
develop minute cracks. Before extensive repair 
work is started, check the shaft cmftilly for 
cracks, particulariy near the ends of toe 
connecting rod throws, near Uie ends of the 
main bearing journals, and near the oil feed 
holes. If the shaft is sound, the bearing journals 
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may be raground and undersiie bearinp^ fitted* 
A Fi^t Class Petty Officer or Chief will 
genirally be tht one who rnakes the final 
dtciiion whether to repair or to replace a 
crankshaft. 

Vibration Damper 

The power irnpulses of an enpne tend to set 
up torsional vibration in the crankshaft. If this 
torsional vibration were not controlled, the 
crankshaft might actually break at certain 
speeds; a vibration dmper mounted on the 
front of the crankshaft is used to control this 
vibration, 

Most types of vibration dampers resemble a 
miniaturt clutch, (See Fig. 3-200 A friction 
facing is mounted betwien the hub face and a 
sniiU damper flywheel. The damper nywheel is 
mounted on the hub face with bolts that go 
through rubber cones in the flywheeL These 
cones permit limited circumferential movement 
between the crankshaft and damper flywheeL 
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Figurv 3^20,^$tetion vliw of i typM vibrttian damptr. 



'Hiis minimizes the effects of the torsional 
vibration in the crankshaft Several other types 
of vibration dampen are used. However, they all 
operate in esientially the same way. 

En^t Flywheel 

The flywheel is mounted at the rear of the 
crankshaft near the rear main bearing. This is 
usually the longest and heaviest main bearing in 
the engines it must support the weight of the 
flywheeL 

^e flywheel (fig. 3-21) stores up energy of 
rotation during power impulses of the engine. It 
releases this energy between power impulses, 
thus assuring fewer fluctuations in engine speed 
and smoother engine operation, The size of the 
flywheel will vary with the number of cylinders 
and the general construction of the engine. With 
a large number of cylindet^ and the consequent 
overlapping of power impulses^ there is less need 
for a flywheel; consequently, the flywheel can 
be relatively small. The flywheel rim canies a 
ring gear, either integral with the flywheel or 
ihmnk on* By heating the ring gear, putting it in 
place, and then allowing it to cool and contract 
on the flywheel, the ring gear meshes with the 
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Figurt 3-21,-'Flywhf#L 
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rter driving gear for cranking the enpne. The 
r face of the flywhtel Is uiually machined and 
'und, md acts as one of the pnssurfe surfaces 
the clutchj becoming a part of the clutch 

.LVES AND VALVE MECHANIfflVIS 

There are two valves for each cylinder in 
it engnas, one intake and one exhauit valve, 
ca each of these valves operates at different 
is, it is necassaiy that separate operating 
:hanisms be provided for each valve. Valves 
nomially held closed by heavy sprinp and 
compression in the combustion chamber. ITie 
pose of the valve-actuating michanism is to 
rcome the spring pressure and open the valve 
the proper time. The vidve-actuating 
jhanism includes the en^ne camshaft, 
ishaft followers (tappets), pushrods, and 
^er arms. 

lAaft 

The cunshaft (fig. 3-22) is enclosed in the 
ne block* It has eccentric lobes (cams) 
md on it for each valve in the engine. As the 
shaft rotateSj the cam lobe moves up under 
valve tappet, exerting an upward thmst 
'Ugh the tappet agmnst the valve stem or a 
irod. This thrust overcomes the valve spring 
sure as well as the gas pressure in the 
ider, causing the valve to open. When the 
inoves from under the tappet, the vUve 
ig pressure reseats the valve. 




A ^ Camshaft 

B ^ Camslmft Bearings 
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On F% or I-head engines^ the camshaft is 
usually located to one side and above the 
crankshaft, while in V-type engines it is usually 
located directly above the crankshaft On the 
overhead camshaft engine, such as the 1 1/4 ton 
cargo, the camdiaft is located above the cylinder 
head. 

TTie camshaft of a 4-stroke cycle enpne 
turns at one-half engine speed. It is driven off 
the Crankshaft through timing gean or a timing 
chain. (The system of camshaft drive will be 
explained later in this chapter.) In the 2-stroke 
cycle engine the camshaft must turn at the same 
speed as the crankshaft in order that each valve 
may open and close once in each revolution of 
the engine. 

In most cases the camshaft will do more 
dian operate the valve mechanism. It may have 
extral cams or geai^ that operate fuel pumps, 
ftiel injectors, the Ignition distributor, or the 
lubrication pump. 

Camshafts are supported in the engine block 
by journals in bearings. Camshaft bearing 
journals are the largest machined surfaces on the 
shaft. The bearings are usually made of bronze 
and are bushings rather than split bearings. 'Die 
bushings are lubricated by oil circulating 
through drilled passages from the crankcasa. The 
stresses on the camshaft are small, therefore, the 
bushin|S are not adjustable and require little 
attention. The camshaft bushings are generally 
replaced only when the enpne requires a 
complete overhaul 

Follower 

Camshaft followers are the parts of the 
valve-actuating mechanism that contact the 
camshaft. You will probably hear them called 
valve tappets or valve lifter. In the L-head 
en^e the followers or tappets directly contact 
the end of the valve stem and have an adjusting 
device in them (fig, 3-23). In the overtiead valve 
engine, the foUowei^ or valve tappets contact 
the pudirod that operates the rocker arm (fig* 
3-24). T^e end of the rocker am opposite the 
pushrod contacts the valve stem. The valve 
^justing device, in this case, is In the rocker 
arm. 
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Many engines have iilf^adjusting valve lifters 
of the hydraulic type that operate at zero 
clearance at all times. The operation of one type 
of hydraulic valve tappet mechanism 1§ shown in 
figure Oil under pressure is forced into the 
tappet whan the valve is closed, and this pressure 
extends the plunger in the tappet lo that all 
valve clearanca, or lash, is eliminated. When the 
cam lobe moves around under the tappet and 
starts to raise it, there will not be any tappet 
noise. As the lobe starts to raise the tappet, the 
oil is forced upward in the lower chamber of the 
tappet. This action closes fte ball check valve so 
oil cannot escape. Then the tappet acts ai 
though it were a simple, one-piece tappet md 
the valve is opened. When the lobe movei out 
from under the tappet and the valve closes, the 
pressure in the lower chamber of the tappet ii 
relieved- Any sHght loss of oil from the lower 
chamber is then replaced by the oU pressure 
from the engine lubricating system. This cau^i 
the plunger to move up snugly against the 
pushrod so that any cleamnce is eliminated. 

Engine Valv^ 
md Valve Seats 

Most enpnes have POPPET VALVES (also 
called MUSHROOM or TULIP VALVES), Ttie 
word "poppet" comes from the poppini action 
of the vive; "mushroom" and "tulip** coine 
from the shape of the valve. The intake valves 
Me ordinarily made of chromium-nickel alloy. 
The exhaust valves are generally made of 
siiichrome alloy because of the extremely high 
temperatures they must withstand. Sometiraei 
exhaust valves contain sodium in a sealed cavl^ 
extending from head to stem. This sodium cools 
the valves by conducting heat away from It. 

Both the intake ^d the exhaust v^vas 
operate against the rims of circular openings 
(valve ports) in the combustion chambers of the 
cylinders. These rims are called VALVE SEATS 
(fig, 3-26). The valve and valve seat must make 
perfect contact. Although some earlier enp^es 
were designed with flat contact surface for the 
valve and vaJve seat, most are now desipied with 
valve seat angles of 30 to 45 depeei as shown in 
figure 3-26. This an^e helps prevent excessive 
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Figum 3-23.^L'Ned vilvt operating meehBilsm. 



accumulation of carbon on the contact surface 
of the seat, a condition which keeps the valve 
from closing properly. To further reduce carbon 
buildups an interference angle, usually 1" 
between the vah^e and seat, is used on some 
engines, Carbon deposits, incidentally, tend to 
pit the softer metal of the cylinder block and 
head. 

Many en^nes have replaceable VALVE 
SEAT INSERTS (fig. 3^27) made of special heat 
resistant alloys. These inserts can be used in 
either cast-iron or aluminum blocks or heads. 
\Wien a valve seat insert is badly worn from 
grinding or pitting, it must be replaced. 

Raconditionuig Valves 
and Valve Seati 

Valve reconditioning includes grinding valves 
and valve seats, adjusting valve tappet 
clearances, installing new seat insertSj and timing 
the valves. Together these operations constitute 
tiie VALVE SERVICE necessaty for smooth 
en^e perfonnance and maximum power 
output 
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A-^CyUNDER HEAO COVfR 
B-ROCKER ARM 
C-ROTATOR CAP 
D^VALVE SPRING 
i^VALVE GUIDE 
F-COVER GASKET 
G-CYLIMDER HEAD 
H^E)CHAUST VALVE 
j-yALVE SPRING CAP 
K^INTAKE VAIVE KEY 
l-SEAL 

M-INTAKE VAiyi 
N^CAA\SHAFT 
P-CRANKCASi 
0-^VALVi TAPPET 
8-^PUSH ROD COVER 
S-^GASKET 
T-^PUSH ROD 

U^ROCKER ARM SHAFT BRACKET 
V-ADJUSTING SCREW 
V/-. ROCKER ARM SHAFT 



INTAKE VAlVe 
INSTALLATION 
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P'i^m 3-24.--Valve operating me^inism for an ovarfie^ vaivs englni. 



**Grinding valves" is a common expression 
usad around the shop. It is tfie major, but not 
the onJy, operation in reconditlonuig ttiem, 
Bafore valves are ground or refaced on the 
valya-refacing machinij they must be cleaned. 
Heavy carbon deposits and exceisively burned 
valves may Indieate the need for new rinp or 
valve guides and/or intake valve oil seals* Carbon 
deposiS''''and burned valves may also indicate 



improper combustion resulting from poor spark 
Igyiition in the gasoline engine or improper fuel 
injection in thediesel enpnep 

To recondition valves and valve seatSj first 
take off the cylinder head and renniove the 
CM'bon froni the headi cylinder block, and 
pistons. In claaning the top of the pistons, you 
must exercise cire to pmvent goupng and 



48 



06 



EKLC 



Oiaptef 3--INTERNAL COWBIJSTION ENGINES^CONSTRUCTION 



vMyi tiom 




8166 

Pipjre 3^26.^Dparation of i liydriuli^ vaM tsppot lifter. 




Figuni ^26.— Vilva Head and set antf §» 



scratchirigj as rough spots collect carbon readil>r 
and will lead to preipiition and detonatim 
during ingne opamtioii. Rimove thi valves, 
using a valva spring compressor (fig, 3-28>. Nixtj 
cleaji the valves with a wire brush or tuffiiig 
whtil (fig. 3-29). Whan using thi buffing whe^l, 
make sum you weir proper eye protactbn to 
pravent mm and other foreigi matter from 
flying Into your eygs. 

Be aareftil not to interchange the valves, 
Each valve must be replaced in the samevd^fe 
port froni which it was removed. The v^ve stem 
moving up and down in the valve guide develops 
a wear pattam. Andj If the valves are 
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Figure ^27,— Valva itat Inmrt 



interehanied, a new wear pattern is developed 
causing excessive wear on the valve stem and 
guide. 

To eliminate any conftision, you should 
devise some lystem of markiiig the valves to 
identify them with the cylinders from which 
tiiey were taken. The most common way to 
identify valvei Is to place them in a piece of 
board with holes drilled and numbered to 
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Fipjft 3-a8,-^Vil¥s iprlng mmpmmn for L-haad and vatve^ln^tead inginis. 




Figuti 3-29 ,^Cliifiing a witt a Mrt buffing whatL 



comspond with thi cylinder the valves came 
from. If any valves aii found to ba wom or 
damaged beyond durijig inspaotioiii replace 
them with new onm from the parts room. 

After you have clewed ^the valves, remove 
ttie carbon froni the intake md exhaust valve 
ports. Impact closaly around the v^ve ports and 
eylijidtrs of the block for cracks and faulty vdve 



saats. Should cracks be found^ check with your 
supeivisQr for the proper procedure to follow. 
After you inspect the cylinder head for cracksj 
cheok tlie Jiaad for warpage, using a straightedga 
arid a thickness gaga. The water passages inside 
the head should be cleaned if an €)ccesiive 
buUdiip of scale and rust is found, The easiest 
meth^ Is to remove ,the core plugs and boil the 
head in a cleaning solution. Thm alternate 
method is to scrape the unwanted mateaial loose 
and tlien flush with water^ air^ or a coinbination 
of both. After a thorough inspectiori of the 
parts, the next step is to resurface the valve face 
witK a valve refacing machiiie (flg. 3-30). CUnrip 
the valve stem in the chuck of the refacing 
jnachlne. Be sure the grinding angle hidex is set 
to the arigli of the valve head you are about to 
grind. Follow the operating initmctions of the 
manyfacturer of the refacing machine together 
with these of your Chief whUe becoming 
familiar with the details of grinding. 

If the tip ends of the valve stemi are rou^, 
siTiooth them by gnnding lightly with a special 
attachment furnished with the valve refacing 
machine. 

Before the valve seats are servicadj the valve 
guides must be serviced and replaced if 
necessary* 



50 S8 



ChaptCT 3^INTEWJAL COMBUSTION ENGINES ^CONSTRUCTION 




81 J 



Vahrt Guide 

Sejviciiig of valve guides is an important, but 
oftan Jieglacted, part of. a valve job. Th^ guide 
must te clean and in good conditioii bafore a 
good vaJva seat can bi made. Vaar of valve 
guldei is ienerally the only troubla you will 
encounter with thtm. 

There are several satiifactory methods of 
checking for valve guide wear One procedure 
for flatliaad guide service includes the use of a 
dial indicator With the valve in place, turn the 
engine so tha valve 1$ moved off its seat. Install 
the dial indicator on the block \vith indicating 
button touchini the edge of fte valve head. 
Move the valve sideways to detennine the 
gtnount of vvear. Another checking procedure 
involves the use of a smaU hoi& gage to measure 
the inside of the guide and a micrometer to 
measure the valve stem; the difterinc© in the 
reading will be fte clearance. Check the 
manufacturer's manual for the allowable 
maxlmtinri cleamnce. When the maximum 
clearance is exceeded* the vdve guide will need 
ftifther servicln g before you proceed with the 
rest of the valve job, 

Servlclrig procedures wUl depend ot\ whetter 
the guide is of the integral or the replaceable 



type. If of the integral type, it must be reamed 
to a larger size and a valve with an oversize stem 
iistalled* But if It is of the replaceable typej it 
should be removed and a ne^ guide installed. 

KNURLING of the valve guides has become 
more popular as a method of compensating for 
wear of the valve guides. Knurling is 
accompliahed by inserting a special tool in the 
worn guide attached to an electric drilL This 
method is not recommended if the guide has 
been worn excessively or previously knurled, 

Valve guides should be removed and 
replaced \vith special drivers. When working on a 
valve-in-head engine, you may use an arbor press 
to remove and replace valve guides. 

After the valve guides are serviced and the 
valve seats are ground^ check the concentricity 
of the two with a valve seat dial indicator (fig* 
3-31). Ajiy irregularity in the seat will register 
on this dial. 
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Fi^m 3^31--Lfiing i valve ^itdial gg^. 
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Valva Seat Sefvice 



If a ripiaceable seat is badly worn or ground 
down, replace it with a naw one. Ramove the 
old seat either mth a pullar or by drilling it on 
tv^o oppoiite sides and then breaking it in halvei 
with hammir and chlieL New inserts should be 
chilled in dry ice for about 15 nninutei to shrink 
them so that they can easily be driven into 
place. 

In most casas the valve leats are not 
replaceable, so they must be ground. Fipirei 
3-32 through 3-34 illustrate the equipment used 




Figure 3'34.-'ValVi s@at grinding itoni slt«ye. 




F\^f$ 3^K»^Valva ^tt grinding •quipmant 




Figun a-^-ltlf-^nliring ¥dvt gukit pilot 



in valve seat grindiiig. Be sure you know how to 
operate the kind of equipment that Is in your 
shop. Study the manufacturer's manual for 
ipeciflc instructions. 

Select the proper iiie pilot (fig. 3-33) for the 
valve pjlde and insert and lock it into the guide. 
Wipe the valve seat free of carbon dust and oil 
Then with a clean oily rag, apply a thin film of 
oil to the pilot shaft. 

Use two or mori stone sleeves (fig. 3-34) to 
facilitate seat grinding if the engine block has 
bofli soft and hard seats or if a high-polish finish 
grind is desired. One sleeve may carry a soft seat 
stone, another n hard seat stonej and a third 
sleeve a finishing stone. 

All purpose stones are now available that 
will do all of the above grinding Jobs with one 
stone. Make sure the stones are dressed at the 
proper angle in accordance with the engine 
manufacturer's specifications. 

Only a few leconds are required to 
recondition the average valve seat. Check the 
progress of the grinding operation often and 
make sure ttiat you do not remove any more 
material than is necessa^ to get a good seat 

Although recommended, it is usually not 
necessary to lap the contact surfaces of the valve 
and valve seat aftar they have been ground. 
iMways check your work by testing one or two 
of the v^ves. This check can be made by 
spreading a thin coat of prussian blue on the 
valve face or by putting lead pencil marks on the 
vdve seat. If, when tumlng a valve on its seat, an 
even diposit of the coloring is seen on the vaJve 
aat, or the pencil Unas are removed, the leating 
is perfect* The valve should not be rotated more 
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ttian 1/8 turn as a high spot could give a false 
indication if turned one full revolution. 

Figure 3-35 shows a normal valve seat which 
will va^ according to the manufacturer's 
ipeciflcation. When a great deal of grinding Is 
necessafy on a badly burned or worn seat, a 
condition such as that shown in figure 3-36 will 
Qccun When this happens, you should narrow 
and center the valve seat by using a 20^ stone to 
cut down the upper portion of the valve seat* 
and a 70° stone to cut down the lower portion 
of the seat. Figure 3-37 illustrates a valve seat 
that has been narrowed down from the top of 
the valve seat. 

Grinding with the narrowing stones uiually 
requires only a few seconds. Check often while 
grinding so that you will not remove too much 
metaL 
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Figure S'SS.-'Norniil valve ^at. 




t33 

Flgurt 3*36,--' Valve ieat too wicta and low in bloQk. 




2.34 

Figure 3^37.^Qarr€Qt vilva isat after narrowing ^at 



Qiacking Rocloir 
Ajtns 

After rocker arms have been removed, they 
should be inspected for wear or damage. Rocker 
arms with bushlnp can be rebushed if the old 
bushing is worn. On ionie rocker arms, the valve 
ends, if wom^ can be ground down on the valve 
refacing machine. Excessively worn rocker arms 
ihould be discarded. 

The silent lash rocker arm can be 
disassembled by removing the eccentric retaining 
pin. If more than one rocker arm is being 
disassembled, do not mix the parts; make sure 
all parts go back into the rocker arms from 
which they were taken. When reassembling a 
rocker ann^ make sure the eccentric is installed 
so that the recessed dot (which is on the side 
with the smaller radius) is next to the plunger. 

WTien reinstalling rocker arms and shafts in 
the cylinder head, make sure that the oilholes 
(in shafts so equipped) are on the underside so 
they will feed oil to the rocker arms. Be sure 
that all Springs and rocker arms are restored to 
their ori^nal positions as the shafts are attached 
to the head. 

Checking Valve 
Springs 

While working with valves, you may notice 
that some of then^ have more than one spring. 
These additional springs are coiled to offset a 
tendency of the valve to vibrate at high engine 
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spaeds. They also insure proper valve seating and 
provide a safety factor in case one spring should 
break. 

Test Valve springs for uniformity and 
strength. For an accurate test use a valve spring 
tester (fig, 3-38) when one is available, If a valve 
spring tester is not available, place u^d spiijip 
on a level surface beside a pair of new springs, 
Use any strai^tedge to deternilne irrepjlarlties 
in height Replace worn out springs with new 
ones. Unequal or cocked valve springs will 
offset, in the assembled job, all the preGision 
that has been put into the grinding operation. 

When you have reassernbled an en^e after 
reconditioning the valves, make sure the 
adjusting screws are backed off before rotating 
the engine, A valve that is too tiglit could strike 
and damage the piston, or the valve, or toth. 




Fl^jre 3^38.-Valvd spring tsifeir. 



Following the recommended procedure, adjust 
the valves to meet the manufacturer's 
specification. Never attempt to adjust valves 
with solid lifters by "ear." If, after adjusting the 
valves with a gage, there is still excessivi 
valve-lash noise, do not attempt to tighten the 
adjustment until the noise disappears. To do so 
may result in severe damage to the engine, When 
valves are excessively noisy after adjustment, the 
components of the valve operating mechanisms 
should be disassembled and inspected for 
abnoimal wear of faulty components. 

On any en^e on which valve adjustments 
have been made, be sure that the adjustment 
locks are tight and that the valve mechanisni 
Covers and gaskets are in ■place and securely 
fastened to prevent oil leaks. 

raiING GEARS 
(GEAR TR^S) 

Timing gears keep the crankshaft and 
camshaft turning in proper relation to one 
another so that the valves open and close at the 
proper time. In some engines, sprockets and 
chalris are used* 

The geare or sprockets, as the case may be, of 
the camshaft and crankshaft are keyed in 
position so that they cannot slip. Since they are 
keyed to their respective shafts, they can be 
replaced if they become worn or noisy. 

With directly driven timing gears (fig. 3-39), 
one gear usuaHy has a mark on two adjacent 
teeth and the other a mark on only one tooth* 
To time the valves properly, it is necessary only 
to mesh the gears so that the two marked teeth 
of one gear straddle the single marked tooth of 
the other. 

In the case of chain-driven sprockets the 
correct timing may be obtained by having a 
certdn number of chain-Hnk teeth between the 
marks, or by lining up the marks with a 
straightedge as shown in figure 3-40, In the 
latter method the position of the piston is 
determined by markings on the enpne fly wheeL 
Some engines have timing marks on the 
crankshaft fan pulley If no openiiig is provided 
in the flywheel housing, Always check the 
manufacturer's instructions when you are in 
doubt about the method of timing the engine 
you are overhauling. 
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CA*BH*rr GEAR 
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Figure 3^39.^rimins flsari and ^Ir mirklnp. 



ENGINE BEARmOS 

Bearings are installad In an angina where 
there Is relative motion betwaen parts. En^e 
bearinp arte called slaeve bearings because they 
are In the shape of a sleeve that fits around the 
rotating journal or shaft. Conneotin^rod or 
crankshaft (also called main) bearinp ar^ of the 
split, or half, type (fig. 3^1), On main bearings, 
the upper bearing half is installed in the 
counterbore in the cylinder block. TTia lower 
bearing half is held in place by the bearing cap 
(fig. 3-1 ). On connecting-rod bearinp^ the upper 
bearing half is installed in the rod and the lower 
half is placed in the rod cap (flg. 3-10). Tha 
^smalNnd ^ (or piston-pin) bearing In ttii 
connecting rod is of the full-round, or bushing 
type. 

The main bearinp in most enpnes do not 
have the oil distributing grooves as shown in 
figure 34 L They may or may not have the 
winular pooves; many enpnes do not On other 
engines, only the upper halves of the main 
bearinp have them. On still ottier engines, both 
the upper and lower mmn-bearing hahres have 
the mnular pooves, Connecttnfrrod big-end 
t^arinp usually do not have oil ^oves. 

The typical bearing half is made of a steel or 
bronze back to which a Uning of bearing 
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Figure ^4C.^I\flitfiodi of valve timing witfi chain drivi. 



mateiial is applied, (See fig. 3-41.) TTie bearing 
material is relatively soft. Thus, if wear takes 
place, it will be the bearing rather than the more 
expensive engine part that wean. Then, the 
bearing rather than the engine part can be 
replaced when wear has progressed to the 
replacement point. 

itearing I^ibilcatloii 

TTie joumal muit be smaller in diameter than 
the bearing (fig. 3-42) so that there will be 
clearance (called oil clearance) between the two 
parts; oil circulates through this clearance. The 
lubricating system constantly feeds oil to the 
bearing. Vm oil enters through the oilhole (fig. 
3-41) and fills the oil groove in the bearing. 
From there, the rotating journal carries the oil 
around to all parts of the bearing. The oU works 
its way to the outer edges of the bearing. Fiom 
there, it is thrown off and drops back into the 
oil pan. TTie oil thrown off helps lubricate other 
enpne parts, such as the cylinder walls, pistons, 
and piston rinp. 

As the oil moves across the faces of the 
bearinp, it not only lubricates them but also 
helps to cool thim. The oil is relatively cool as it 
leaves the oil pan. It picks up heat in its passage 
tlirou^ the bearing. This heat is then carried 
down to the oil pan and released to the air 
passijig around the oil pan, The oil also flushes 
and cleans the bearings. It tends to flush out 
particles of grit md dirt that may have worked 
into the bearing, ITie particles are earned back 
to the oU pan by the circulating oil. They then 
tend to drop to the bottom of the o0 pan or ai^ 
lemoyed from the oil by the oil screen or filter. 
The greater the oil cleamnce (fig. 3-42), the 
faster the oil will flow through the bearing. 
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FIguri M1,-^Typl^l ili€V^typ€ bttirlng half. 



Thm, ai bearinp wear, mora and more ofl is 
thrown onto the cylinder walls. The piston rings 
cannot handle an axcasilva amount of oU; part 
of it ¥/orki up into the combustion chaiabers, 
where it burns and fomis carbon, Reailtliig 
carbon accumulitipn in tha coinbustiori 
chambars reduces angina power and causes 
otiier engine troubles. Excessive beafliig oil 
claarancei can also causa some bearings to fail 
from oil itarvation. Here's the reason: The oH 
pump can deliver only so much oil. If the oU 
claamnces are excessive, most of the oil will pass 
through the near^t bearinp. There won^t be 
enou^ for the mora distant beariii|s; these 
bearinp will probably fail from lack of ciL An 
enpne with excessive bearing oil clearances 
usually has low oil pr^sure; the oil pump caniiot 
build up normal pressure because of the 
excessive oil claarEnc^ in the bearinp. 

On the other hand, if oil clearances are not 
aifflciently great, tiiere will be metal-^to-nnetal 
contact between the bearing and shaft journal. 
Extremely rapid w&bs and quick failure will 
result. AlsOj there will not be enough oil 
ftrowoff for adequate lubrication oF cylinder 
walls, pistons, and rings. 
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Bearings niuit be able to do other things 
besides car^ the loads imposed on them, as 
noted below* 

I LOAD-CARRYING CAPACITY. 
Modem enginei are lighter and more powerful. 
They have higher compfeision ratios and thus 
impose greater bearing loads. 

2. FATIGUE RESISTANCE. When a piece 
of metal is repeatedly stressed so that it flexes or 
bends, it tends to harden and ultimately breaks; 
this is called FATIGUE FAILURE. Repeatedly 
bending a piece of wire or sheet metal will 
demonstrate fatigue failure. Bearings are 
subjected to varying loads and are tlius 
repeatedly stressed. The bearing material must 
be able to withstand these varying loads without 
failing from fatigue. 

3. EMBEDABILITY. This term refers to 
the ability of a bearing to pemiit foreign 
particles to embed in it. Dirt and dust particles 
enter the engine despite the air cleaner and oil 
filten Some of them work onto the bearinp and 
are not flushed away by the oH. A bearing 
protects itself by permitting such articles to sink 

^ into, or embed in, the bearing lining material. If 
the bearing were too hard to allow this, the 
particles would siniply lie on the surface. They 
would scratch the shaft journal and probably 
gouge out the bearing. TTiis, in turn, would cause 
overheating md rapid bearing failure. TTius, the 
bearing material must be soft enou^ for 
adequate embedabillty. 

4 CONFORMABILITY, This is associated 
with embedabiUty. It refers to the ability of the 
bearing material to conform to variations in 
shaft alinement and journal shape. For example, 
suppose a shaft joumal is slightly tapered. The 
bearing under the large diameter will be more * 
heavily loaded. If the bearing material has high 
conformability, it will flow slightly away from 
the heavily loaded areas to. .the lightly loaded 
areas. This redistributes the bearing ma tend so 
that the bearing is more unifonnly loaded. A 
simUar action takes place when foreign prticles 
embed In the bearitig, As they embed, tiiey 



displace bearing material, thus producing local 
high spots (fig. 3-43). However, with high 
confomiabiJity, the material flows away from 
the high spots. This tends to prevent local heavy 
loading that could cause bearing failure, 

5. CORROSION RESISTANCE. The 
bearing materials must be resistant to corrosion, 
since some of the byproducts of combustion 
may fonn corrosive substances. 

6. WEAR RATE. The bearing material 
must be sufficiently hard and tough so that it 
will not wear too fast. At the same time, it must 
be soft enough to pennit good embedability and 
conformability. 



Bearing Materials 

The bearing back is usually of steeL TTie 
lining material is a combination of several 
metals, mbced, or alloyed, to provide the 
combination of desired characteristics. Such 
metals as copper, lead, tin, mercuty, antimony, 
cadmium, and silver are used. Many 
combinations are possible. Each ingredient, or 
metal, supplies certain characteristics. The 
engine designer selects the combination of 
ingredients that will best suit the engine. 



AUXILIARY ASSEMBLIES 

We have discussed the main parts of the 
engine proper; but there are other parts, both 
moving and stationary, that are essential to 
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Fi^re W3*-iff8« ©fama^llie pirtlelt embtddad in 
bearing materlaf (Babbit lining). 



CONSTRUCTION MECHANIC 3 & 2 



engine operation. They ire not buUt into the 
engine itself, but, in most cases, are attached to 
the enpne block or cylinder head. 

The fuel syitem includes a fuel pump and 
carburetor mounted on the en^ne. In diesel 
engines the fuel injection mechanism replaces 
the carburetor. An electrical system is provided 
to supply power for starting the engine and also 
for ignition during operation, An efficient 
cooling system is necessary for operating an 
internal combustion engine. In water cooled 
engines a water pump and fan are usedj while in 
air-cooled engines a blower is generally used to 
force cool air around the engine cylinders. 



POWER PACKAGE 
CONCEPT 

As you were reading the foregoiiig discussion 
on engine structure, you may have become 
aware of the unitary nature of the engine. Its 
parts are designed so that the whole assembly 
can be removed from and replaced in the vehicle 
as a unit or PACKAGE. This is the POWER 
PACKAGE CONCEPT. If a vahicle requires a 
major engine jobj it is not necessai^^ to tie it up 
while the work on the engine is being done. 
Insteadi the power plant can be removed and 
another one quickly installed in the vehicle. 
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FUEL SYSTEMS 



fual system of the ntemai combustion 
anpne is desipied to provide the proper 
quantity of fuel to thi engine under all nonnal 
operating conditions. The type of fuel used in 
either a psoline or e diesal engine varies 
according to the design of the en^a and the 
geoa-aphical location in which the engine wiU 
operate. Additionally, each appUcatioii of the 
enpne may require changes in the type or dadgn 
of fuel pump, carburetor, or fm injection 
components. 

Governors are used to controi engine speed 
on stationary as well as on lome autornQtlve 
gasoline enginei. All diesel en^es used by the 
Navy have governors to control the en^e ipead 
and prevent excemve fluctuation of spead. 

This chapter presents infonnatioii on various 
types of fuel systems, their componeiits, and 
how the components function to pro\dde fuel to 
the en^ne in the proper quantity. 



FUELS 

Fuols umd in modem Navy equipment are 
manufactured for use in various geopaphical 
locations. For initance, fuels manufactured for 
use in subzero temperatures must be more 
volatile than those for usa in tropi^I araas. 
Other\^se, the fuel in cold climates would not 
vaporize (evaporate) readily anough to allow 
efficient engine operation. Thm result would be 
hard starting, excesrive fuel consumption, and a 
m^kad dacreasa in power daveloped by the 
anpne. These problems are solved for you by 
the manufacturer and the supply department. 
Your conceni with the fuel systeni ii in the 
maintenance and repair of the system's 



components to insure long life and econonijcal 
operation of the enpne. 

Gasoline contains carbon and hydrogen in 
such, proportions that the gasoline bums freely 
and liberates HEAT ENERGY, If all the 
^tential heat energy contained in a gallon of 
^soline could be oonvarted into work, a motor 
vehicle could nm hundreds of miles on each 
gallon. However, only a small percantage of this 
heat enefgy is converted into mechanical anargy 
by the en^ne. Most authorities consider the 
power losses within the angina to be as follows: 



Engine 

Cooling Systeni 
Exhaust Oases 
Engine Friction 

Total . . 



Percent of Power Lois 



5 to 



35 
35 
10 



.75 to 80 



llie question of what is ideal gasoUna is 
more thaoratical than prarticaL Every 
manufacturer reOTmmends the octane rating: of 
the psoUna ha feels is best for the engines he 
produces. Besides engna desiai, factors like the 
weight of the vehicle, tha terrain and highways 
over which it is to be driven, and the climate and 
altitude of tha locality also detentiine what 
gasoline is bast to use. 



PROPERTffiS OF 
GASOUNE 



The function of the gasoline fuel system is 
to store, tranifar and provide gasoline to tha 
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engine in varying quantities to Insure a proper 
fuel-air mixture at all enpne operating speeds. In 
ordir for this system to function properly, it is 
necessary that the psoline have the right 
qualities to burn evenly no matter what tha 
en^ne's deinands are. To help you recognise the 
qualities required of gasoline used for fuel, let us 
txamine some of the properties of gasoline and 
their effects on the operation of the engine. 

VOLATILITY 

Tlie blend of a psoline determines its 
VOLATILITY-^ that is, Its tendency to change 
from a liquid to a vapor at any given 
temperature. The rate of vaporization increases 
as the temperature of the gasoline rises. 

A gasoline of low volatility brings about 
better fuel economy and combat^ VAPOR 
LOCK (the formation of vapor in the fuel lines 
in a quantity sufficient to block the flow of 
gasolina through the system)^ In the summer and 
in hot climates, fuels with low volatility lessen 
the tendency toward vapor lock. 

ANTIKNOCK QUALITY 
AND DETONATION 

Reviewing the process of combustion in 
chapter 2 will help you understand the 
ANTIKNOCK quality of gasoline. When any 
substance bums, its molecules and those of the 
oxygen in the air around it are let into motion^ 
producing heat that unites the two p'oups of 
molecules in a rapid chemical reaction. In the 
combustion chamber of an en^ne cylinder^ the 
gasoline vapor and oxygen in the air are ignited 
and bum. They combine, and the molecules 
be^n to move about very rapidly j as the high 
temperatures of combustion are reached, This 
rapid movemont of molecules provides the push 
on the piston to force it downward on the 
power stroke. 

In modem high compression gasoline engines 
the air-fuel mixture tendi to ignite 
spontaneously or to explode instead of burning 
rather slowly and uniformly, TTie result is a 
knock, a ping, or a DETONATION. In 
detonation the spark from the spark plug starts 
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the fuel mixture burnliig, and the flame spreads 
through the layers of the mixture, very quickly 
compressing and heating thern, The last layers 
become so compressed and heated that they 
explode violently, The exploiive pressure strikes 
the piston head and the mils of the cylinder, 
and causes the knack you hear in the engine. It 
is the fuel, not the engine that knocks, Besides 
being an annoying sounds periistent knocking 
results in engine overheatiiig, lois of power, and 
increased fuel coniumption, It causes severe 
shock to the spark plugs, pistons, connecting 
rods, and crankshaft. To slowdown this burning 
rate of the fuels a fuel of a higher octane rating 
must be used. 

OCTANE RATING 

TTie property of a fuel to rasist detonation is 
called its antiknock or OCTANE rating. The 
octane rating is obtained by comparing the 
antiknock quaUtias of gasoline in a ipecial test 
engine. In the test engine ^ the compression can 
be raised or lowered, and other engine controls 
are provided to make the engine knock or 
detonate. Two separate fuel chambers are also 
provided, with a rapid rneans of changing from 
the fuel being teited to the standard reference 
fuel, This reference fuel consists of a mixture of 
iio=octane, which has a vary hi^ antiknock 
rating5 and heptarie, which produces a 
pronounced knock. The octane rating of a 
gasoline being tested is the percentage by 
volume of iso-octani that must be rnixed with 
normal heptane in order to match the knocking 
of the gasoline being tested, Octane numbers 
range from 50 to over 100. A number hi^er 
than 100 indicates that the antiknock value is 
greater than that of iso^ctane. 

The octane rating of gasoline can be raised in 
two ways: by mixing it with another fuel, or by 
treating it with a chemicaL Wlule alcohol and 
benzol can be added to iriiprove the antiknock 
rating of a gasoline, their use will reduce the 
heat-producing value of the fuel. In this country, 
where alcohol and benzol are not commonly 
used for fuel, a chemical is added to gasoline to 
improve its octane rating, 

TTie best cheniical for this purpose is 
tetraethyl lead compomd, which is added to the 
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pioUna with ETHYL FLUID. In addition to the 
tatraethyl lead, ethyl fluid contains other 
chemi^li that prevant lead deposits froni 
forming within the anpne. Lead oxide cauies 
considerable corrosion. 

LEAD CONTENT of ethy! fluid ii very 
poisonous. Ethyl gasoline should be used only 
for engine fuel and for no other purpose. It 
should NEVER be used as a cleaning agent. 

An engine which doas not knock on a low 
octane fuel will not operate more efflciently by 
using a fuel of high octane rating. An engine 
which knocks on a given fuel should use one of a 
higher rating. If a higher octane fuel does not 
stop the knocking, some mechanical adjustrnents 
are probably necessary. Retarding the spark so 
that the engine will fire later may end knocking, 
Howavorj an engine operating on retarded spark 
will use mora fuel and will overheat. It may be 
less expensive to use a higher pricad, high-octane 
gasoline with an advanced spark than to use a 
chaaper, lowoctane gasoline with a retarded 
spark. 

Besides a spark which is too advanced, a lean 
fuel mixture, a defective cooling system, or 
preignition also may be responsibia for 
knocking. Praigriitlon should not be confused 
with engine knock itself, which occurs late in 
the combustion process, after the spark has 
occurred. In preignition the air-fuel mixture 
begins to bum before the spark occurs. TUs 
condition may be caused by an overheated 
exhaust valve head, hot spark plugs, or glowing 
pieces of carbon within the combustion 
chamber. In figure 4-1 you see the diagramnied 
course of the air-fuel mixture in the cylinder 
under ciroumstances of preignition and 
detonation* as well m in normal OTmbustion* 



GASOLINE FUEL 
SYSTEM COMPONENTS 

The gaEOlint fuel system (fig. 4-2) consists of 
the fuel tank, (mi pump, fuel filterj carburetor 
intake manifold, and fuel lines or tubes, 

connecting thfi tatnt. mini 11 anrt n^rhMnitrsr 




PREIGNITION 
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Figure 4*1.— Combyitlon pf otitis. 

a fuel tank, then converts this liquid Lnto a vapo; 
and mixes it with air The mixture enters the 
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Figure 4-2* -Typical fual lyfteni for a Violins engine. 
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forges the pistoni downward on the power 
strokes. The fuel system must vary the 
proportions of air and psoline for different 
operating conditions. For normal mnnlng with a 
wprm engina, the proper mixture ratio is about 
1 5 pounds of air to 1 pound of gasoline. But for 
initial starting with a cold inginej a much richer 
mixtura is needed; the mixture does not bum as 
readily in a cold engine and the gasoline does 
not turn to vapor so readily. AJiOs when 
accelejatlngj or during highspeed or fulHoad 
operation, a richer mixtur© ii required. 
RICHNESS here means a higher proportion of 
gasoline; a mixture of 9 pounds of air to 1 
pound of psoUne would be a rich mixture. The 
oppoiita of RICHNESS is LEANESS. A 1 5 to 1 
mixture ratio woiUd be a relatively lean 
mixture. 

Some gasoline enpnes use a fuel-injection 
system. With this system, a pump deUveri fuel to 



FUEL TANK 



On passenger vehicles the fuel tank is 
generally mounted in the rear of the ohassls. On 
trucks, it is generally installed under or behind 
the driver's seat or on the frama bahJnd or to the 
side of the cab. 

Figure 4-3 illustrates the general 
Gonitruction of a fuel tank used on automotive 
equipment. Most fuel tanks are of similar 
construction. They aire usually made of rust 
resistant sheet metal, and have an inlet or filler 
pipe and an outlet. TTie outlet^ with a fitting for 
the fueWine connection, may be in the top or 
side of the tank. The lower end of the outlet 
pipe is placed about one-half inch from the 
bottom of the tink so that any sediment which 
collects in the tank will not be carried to the 
carburetor. Baffle plates may be placed ihside 
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Figure 4-3.->Fuei tank with top cut awiy. 



must be equipped with an air vent, Tills v^eat U 
usually bcatad in the cap of the inltt pipe* 

Soma vahiclasj aspiciilly heavy-duty oniSj 
have more than oria tank. On these the auxiliary 
tanks are intarconnactad, and each has a shutoff 
valve J so that the flow of fuel from ona or iticre 
of the tanks may be turned off. 

Fuel tanks give little or no troublej and as a 
rule reqiiire no servicing other than an 
occadonal draining and cleaning. However^ If 



they are punctured or develop leaksj they should 
not be wlded or repaifed with or lisar an open 
flame until all traGas of fuel and fuel vapors have 
been cotnpletely removed froni the tank, Before 
attempting to make any repairs to a fuel tank, 
always consult with the shop iupervisor for 
specific instructions on all safety precautiQns to 
be obiirved. Remember that fuel tanks can be 
extremely dangefDus. 

Fuel Oagi^ 

Th^ fml gage is a signaling systam which 
indicates the gmount of fuel in the tank* Most 
fuel $^gm m electiically operated and are 
Gompoi^ad of two unils: the gage itself^ which is 
mounted on the inst^unient panel of the vehJcle; 
and thi ^i^nding umti v/hich is mounted on the 
fuel tank, 

An etec^rical fuel gage noitnally operates 
only whm ^he ignition iwitch is tiirnad on. 

Thi tank unit of the BAIANCiNG 
C0IL4YPE FUEL GAGE (fig, 44} hm a float 
and ann assembly connactid to a sliding 
contact. Aj the fuel level in the tank ch^niieSs 
the position of the contact changes on a rheostat 
windings thus varying circuit reilstanca and 
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resiilting current now. TM unit on the 
Instrument panel containi two magnetic coils 
(lliniting cdII and opgratlng coll) and a 
permanent mipiet which is attached to the gag© 
needle. When the fuel tank Is empty, the limiting 
coil is stronger than the oparating coil, thus the 
magnet is drawn towaM it and the needle reads 
EMPTY on the gage. As the tank is filled, the 
Dpemting coil becomes stranger^ attracting the 
magnet and moving the needle toward the F or 
. FUIL posilion. 

Fuel Tank Caps 

Tile fuel tank cap is defined to seal the 
filler tube of the fuel tank and prevent the fuel 
from escaping on hills and inclines. The cap 
albws air to enter the tank as the fuel is used, or 
seals the opening to the tank when other means 
of ventilation are used to vent the tank. Valves 
are incorporatad in fuel tank caps used on 
tacti^l vehicles If the vehlcle^s fuel tank will be 
under water for fording purposes, UMng the 
Wong type of cap can restrict the puni^ng 
action of the fuel pump or may cause the fuel 
tank to Collapse. 



icreen, then out through the outlet. A.iiy water 
or solid niatter caught by the filter falls to the 
bottoni of the filter bowL Dirt in fuel geiierally 
comes from rust scales m tank cars, storaga 
tanki, and drums. Water caught by the filter 
genarally comes from condensation of moisture 
in the fuel tank or is introduced throu^ 
deUvi^ from storage faciUties. The filter 
elenient is uiually a fine metaKmeih sateen. 
Thumijicrewi or spring wire clips hold the 
iadlnient bulb in place against a cork v^aslier. 

i^nother type of filter is made of a laries of 
lamijiated disks placed witUn a large bo^l which 
acts as a settling chamber for the fuel and 
encloses the disks or strainer assembly Cflg. 4-6), 
Some vehicles use inline filters .vith either paper 
or ceramic elements* These are replaced when 
the flo^ of fuel is restricted. 

FUEL PUMP 

The fuel pump must deliver enough fuel to 
supply the requirements of the enpne, and also 



FtEL FILTER 

In figure 4-5, a conimon type of filter is 
sho^n attached to the fuel punip. The fuel 
enters a bowl and pisses up through the filter 
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maintain a proper pressure in the line batween 
the fuel pump aiid the carburetor. 

Excessive fuel^pump preisure holds the 
carburetDr float needle off its seat, cauilng a 
high-gasoliria Iwtl in the float chambir, which in 
turn increases gasoline consuniptioii, low a 
fuel-pujnp prissure may came an insufficient 
fuel flow intc? the carburetor and cause air locks 
(vapor locks) to occur in the fuel lines. Air in 
the fuel line w^ill interrupt the flow of fuel to the 
carburet&r resulting in engine power loss or 
operatiofial failure. The mem^^ fuel pump 
operating pressure will vary from 3 to 5 pii. The 
pump should be tested pc iMicslly to insure 
proper operating pressure.. 

Tha vacuuin gage homilly used to check 
the output of the fuel pump. To check the 
output, reniove the fuel line, leading from the 
pump to the carburetor, from the fuel pump. 
Attach the vacuum pge to the fuel line 
connectjon with the use of an adapter lupplkd 
with the gage, While cranking the engine, obse/rvc 
the reading on the presiiire scale* If no vaauum 
gage js available, my liquid piessure gage, 
designed for use with petroleum products, with 
a small scale reading^ can be used. If pressure is 
not within the manufacturer's specifications, the 
pump should he removed and rebuilt or 
replaccci. 

During the suction stroke of a mechanical 
fuel pump, the rotation of an eccentric on the 
Camshaft movas the pump operating ann wUch 
pulls rihe diaphragin lever and the diaphragm 
downward. This downward motion against the 
pressuffe of the diaphragm spring produces a 
vacuuin^ In the pump chamber. The vacuum 
holds the outlet valve closed, atmospheric 
pressure pushes the inlet valve open, and fuel is 
delivered froni the supply tank, The fuel fluws 
tlirough the inJet, up throu^ the filter screan, 
and down tfiToygh the inlet vaivo into the pump 
chafTiber. During the return stroke, the 
dia^jira^ ii forced up by the diaphmgm spring, 
the inlet valve closes, and the outlet valve is 
forced open. This action allows the fuil to flow 
through the outlet to the carbuietor. 

The diaphragrTi operating lever is hinged to 
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lever is moved upward only by the diaphragm 
spring. The pump, therefore, delivers fuel to the 
carburetor only when the fuel pressure in the 
outlet is less than the pressure maintained by the 
diaphragnn sprini, This condition arisei when the 
fuel passage from the pump into the carburetor 
float chamber is open and the float needle valve 
is not seated. The carburetor nioat and needle 
valve control the fuel level in the carburetor. 
The dome-shaped air chamber found on some 
fuel pumps is added to smooth out the pulsation 
(suiting) of fuel being pumped. 

Fuel pumps are classified ai positive and 
nonpositive diaphra^, The POSITIVE type 
continues to pump fuel even when the 
carburetor bowl is filled and requires a method 
of bypassing the fuel back to the tank. The 
NONPOSITIVE DIAPHRAGM PUMP is the one 
usually found in the gasoline engine. It deliver 
fuel to the carburetor only when it is needed for 
the requiretnenti of the engine, The diaphrapn 
5s a reciprocating disk that causes the pumping 
action. 

Some pumps, especially on truck and bus 
engines, operate electrically. One type of electric 
pump usei a motor to drive a set of learSj 
impeller, or centrifugal rotor (fig, 4-7), and is 
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installed ciirectly in the tank rompartment. The 
inlet of the pump is submerged in the fuel. This 
application is a positivg displacenieiit pump and 
ritum lines are neceMry to bring excess fuel 
back to the tank, 

A bellows autopulia type pump (fig. 4-8) is 
usad quite extensively in military equipment. It 
is in pperation at all times when the ignition 
switch is On. Aji electric circuit expands the 
belbws through a solenoid switch to take in a 
charge of fuel The expanded bellows breaks the 
circuit through contact points and the collapsing 
action of the bellows forces the fual through the 
Unas when the carbiiretor requires it to maintain 
the float leveh 

Repair kits ara provided for overhaulihg 
either type of fuel pump. TTie diaphragm, 
composed of several layei's of specially treated 
cloth which is not affected by gasoUne, will wear 
and need replacing. A good indication of a 
diaphragm leaking is the presence of gasoline in 
the crankcase. CurreiH models of diaphragm 
pumps leak extemally when failure occurs* thus 
preventing dilution of their oiL Excessive wear 




in the operating linkages will prevent proper 
pumping action. New diaphragmSi washers, 
sprinp, check valvei, and other necessary 
replacement parts will be found in the repair kit 
of this particular type of pump. TTiere Is also a 
kit for repairing the bellows type of pumpp 

Some pumps have vacuum boosters (fig. 4-9) 
built into them to provide for positive operation 
of the vacuum type windshield wiper at all 
times* These boosters overcome any failure of 
the wipers on acceleration and on full throttle. 
They operate the wipiri only when the manifold 
vacuum itself is not sufficient to maintain 
action. The booster unit diaphragm is pushed up 
when the rotation of the camshaft eccentric 
moves the rocker arm and expels air through the 
exhaust valve. On the return stroke of the rocker 
arm, a spring moves the diaphragm down^ 
creating a vacuum m the pump chamber* This 
vacuum keeps the windshield wipers operating 
nomally when the throttle is wide open. When 
the wipers are not being used^the vacuum holds 
the diaphragm up agairist spring pressure so that 
it is not fully pushed up at each rocker arm 
movement p 

FUEL LINES 

FUEL LINES connecting the various units 
of the fuel system are usualiy made of copper 
tubing. However, copper tubing is being replaced 
by steel tubing which is rustproofed by copper 
or zinc plating. You have learned about cutting 
and fitting tubing in Tools and Their Uses 
NAVPERS 10085-B. Three kinds of fittlnis are 
shown in figure 4-10. There are the flared, 
compression, and soldered types. Of the three, 
the flared fitting is most common. 

Fuel lines are placed away from e)diaust 
pipes, mufflers and manifolds so that exctssive 
heat will not causa vapor locks* They are 
attached to the frame, engine, and other units so 
that the effects of vibration will be minimised. 
Fuel Unes should be free of contact with sharp 
edges which might cause wear. In places of 
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braak thg lines, or they could become f 
or flattenad by flying rocks. Such damag' 
interfgrg with thi flow of the fuel. 

A certain amount of scale forms witl 
lines and sometinies causes a itoppage. 
condition occurs^ blow the lines clea 
compresied air. 
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dngs of a earbwetor and how the other 
ponents of the fuel iystam function to 
ide a combuitlbli ml^cture of fuel and air to 
n^ne cylindirs. 

Ur is compoied of various gasaij mostly 
gen and oxygen* TTiesa gases are, in turn, 
^ up of tiny particles called molecules. All 
ancesj whether spud, gas, are 
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Figure 4-10.'-Typtf of fitting UMd on fugl llnii. 
(A) Flared, (B) Compression, (C) Saldarad« 

they can mova with respect to each othar. In 
gaseSi there is still less . tendency for thi 
molecules to hold together and the motocules 
can therafore move quite freely. The moleculas 
of a gas are attracted to the earth by gravity^ or 
by their weight. It is the combined weight of the 
countless molecules in the air that make up 
atmospheric pressure. 

Whan a liquid changes to a vapory it has 
evaporated. When this happens^ moleculas of the 
liquid move from the liquid into the air. As this 
continues, the liquid disappears from its 
container and appears as vapor in the air. The 
rapidity of evaporation varies mth a nun^ber of ' 
factors. One of these is the volatility of the 
liquid. Others include tirtperature, total 
pressure above the liquid, and amount of liquid , 
and amount of liquid that has already 
evaporated into the air above the liq^uid. 

When a substance is heated the molecules 
move faster. TOi Is true reg^dleii of whether 
the molecules are in a sqM, Uquld, or gas. In 
other words the rata of evaporation inCTeases 
with increased temperature, IWs action can be 
seen in the process of boUing water. 



partial vacuum will evaporate more rapidly than 
the same liquid under pressure* 

If the evaporation is taking place In a closed 
chamber, as for instance in a jar, evaporation of 
the liquid will soon stop; the closed space above 
the liquid will soon become '"filled*' with 
escaped molecules. These escaped molecules are 
in motion, just as all other molecules are 
moving. Some of the escaped molecules will be 
knocked back into the liquid. This action 
balances the escapes so that for every molecule 
that leaves the liquid, a molecule will reenter the 
liquid. As a result, state of balance exists and 
eva^ration can be said to have stopped. 

VOLATILITY refers to the ease with which 
a liquid vaporizes. A highly volatile liquid 
evaporates very rapidly. A liquid of low 
volatility evaporates slowly. Gasoline is a 
mixture of several different components with 
vatying degrees of volatility. 

ATOMIZATION means breaking a liquid 
.into very tiny particles or globules, Atomization 
helps to turn a liquid into a vapor. If a spoonful 
of pioline is put into a pan, it will take several 
seconds for it to evaporate^ the length of time 
depending on temperature, volatility^ and 
pressure. However, if this spoonful of gasoUne is 
put into an ordinal spray gun (fig, 4-11), the 
gasoline will be broken into a fine mist when 
operating the gun and this mist will turn almost 
instantly into vapor. The reason for this is that a 
r much greater area of the liquid is exposed to air 
when, the gasoline is atomized. Evaporation 
takes place from all surfaces and incraases with 
neater surface area, 

A vanturi is an hourglass-shaped rigtrictlon. 
In the carburetor (fig, 4-12), a venturi is placed 
in the air horn through which the. air must pass 
on its way to the intake manifold and the engine 
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Figure 4-1 2, pi if lid mfburmof. 



cylinders. The purpose of the vanturi is to create 
a partial vacuum (pressura lass than 
atmospheric) at the outlet of the nozzle. This 
will permit the atmoipheric presiura on the 
surface of the gasoline In the float bowl to force 
the gasoline out through the nozzle. This 
gasoline then sprays and atomizes in the passing 
air to fomi the fuel-air mixture. 

Several controls and circuits must be added 
to the simplified carburetor shown in flgure 4-12 
for it to vary the fuel-air ratio for different 
operating conditions. These controls and circuits 
include ' the accelerating iyitenij which 
rnomentarily enriches the mixture for irnproved 
acceleration when the throttle is opened; the 
maximum power circuit, which enriches the 
mixture when the throttle is opened wide for 
high-speed or full-speed operation; the float 
systems for keeping a constant level of gasoline 
in the carburetor bowl; the idling circuity for 
supplying an enriched mixture during engine 
idling; and the choke circuit for engine starting. 

Throttle 



necessary so the speed of the engine can be 
c^Dntrolled. The throttle valve (fig. 4-1 3) is 
simply a round disk mounted on a shaft so it can 
be tilted at various angles in the carburetor 
throttle valve body. When it is parallel to the air 
floWj it offers almost no restriction and a full 
volume of fuel-air mixture can pass into the 
intake manifold. The throttle valve is connected 
by linkage to the control (accelerator pedal and 
hand throttle) In the driver" s compartment. 

Float Qrcuit 

The float circuit maintains the fuel level in 
the carburetor bowl at a constant kvel during 
engine operation. (See rig. 4=14.) The float 
circuit automatically permits fuel to flow into 
the bowl when the fuel level drops below a 
predeterminad level, and shuts off the supply of 
fuel when the level reaches the specified height. 
Up-and-down movement of the float on the fuel 
controls the fuel supply by means of a needle 
valve and seat. 

The float level must be set with accuracy in 
accordance with the manufacturer's 
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Pigufii 4k14«^A typical fteat slreult 



specifiGatioiis. If the fuil level is too low, 
insuffldent fuel wiU be suppUad to the Jets, and 
engma performancg wlU be sacrificed* On the 
other hand^ if the fuel level is too highs excessive 
fuel will reach the Jets. In fact, (mi imy 
continue to flow from the jets whan the engine 
is stopped. In actual operation, the float and 
needle valve maintain a position that permits the 
fuel coming in to Just balance the fuel that is 
flowng to the jets. 

Low-Speed Orcuit 

Wien the throttle is almost clo^d, there will 
be very little air passing through the venturi. 
Therefore, there wiU be very little vacuum at the 
venturi and the fuel noi^e will not discha^e 
any appreciable amount of fuel Without some 
additional circuit to assure fuel delivery with a 
closed throttle, the enpne would stop, Th^ 
circuit that takei mm of fuel delivery during 
closed or nearly dosed throttle is called the 
IDL& AND LOW^SPEED CIRCUIT (fig. 4^15). 
ActuaUyj in some respects* this is really two 
circuits: an idle circuit md a low^peed circuit. 

Whan the thfottle is closed, tliere is a 
relatively high vacuum in the intake manifold 
and below the throttle. ITie idle circuit has a 
discharge port, or hole, that is just below the 
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Figure 4^15.-A simplified Idle- and low^ipttd circuit. 



force fuel from the float bowl through the idle 
circuit and out the discharge hole. An adjustable 
needle valve is arrangid to permit more or less 
fuel to discharge from the hole; this makes it 
possible to adjust the Idling mixture richiiass by 
allowing more or less fuel to discharge during 
idle. 

An air bleed is anranged to allow air to tleed 
into the idle circuit when it is operating. This air 
mixes with the fuel and partly atomiies it before 
it discha^es from the hole into the air hom. 
Some such assistMce Is needed because' air 
movement through the hom is much slowir and^ 
therefore, there is less tendency for atomization 
to take place at the hole during idle. The air 
bleed also helps to produce fuel flow 
when pressure differences (between upper and 
lower portion of the air horn) are low; the 
mixture flows more easily than liquid fuel alone. 

When the throttle is opened a little, the air 
flow is still tm restricted for the venturi to 
discharge fuel. Yet more air is flowing md^ 
consequently, more fuel must discharge. The 
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port) is included in the idle circuit. This hole is 
so placed that it is iliglitly above the edge of the 
throttle valve when it is closed, but slightly 
below the edgg of the throttle valve when it is 
opened a small amourit. In this latter poiition, 
intake manifold vacuum can act on the 
low-speed hole and therefore supply additional 
fuel from the bowl through the circuit. The 
same circuit is used by both the idle- and the 
low-speed holes, The low-speed hole amply 
permits mora fuel to discha^e into the 
throttle- valve body as the thiottle is swimg away 
from the fully closed position. 

High-Speed Orcuit 

The high-speed circuit consists essentially of 
the main nozzle, whieh is centered In the 
Venturis TTie carburetor normally contains a 
multiple venturi; that is, several venturi, one 
inside another. When the throttle Is opened 
sufficientlyi the air passing through createi a 



pressure difference which causes a discharge of 
fuel from the nozzle. Throughout the 
intermediate- and liigh'-speed rangej this 
discharge increases with the volume of air 
passing through so that a fairly uniform fuel-air 
mixture ratio is maintained. Assisting in 
maintaining this fairly constant ratio is an air 
bleed which is incorporated in the nozila. With 
increased air speed through the Venturis 
ini*Faas^d air bleeding into the main noEzle takes 
pjivfej praventing overrichness* Note the air 
bleeds in figures 4-16 and 4-17. 

The high-speed and low-speed circuits 
overlap. As the throttle is moved from closed to 
opened positions for example, the idle low-speed 
and highspeed circuits successively take over the 
main job of supplying fuel. With a closed 
throttle, the idle discharge hole alone supplies 
fuel. Aj the throttle is opened so its edge moves 
past the low-speed hole, the low-speed hole 
b^^ns to discharge fuel to meet the added fuel 
requiremants of the engine as engine speed 
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Figurt 4-17.-MftiFing rod full load alrcuit 



inCTeases. M the throttle opens stiU widarj tha 
additional and fastar moving air through the air 
horn begins to produce fuel dischargi from the 
main noMle. As the main nozzle takes ovirs the 
low^speed discharga hole no lon^r functions. 

The wbitfator is so dedgnid that the 
fuel-air ratio of the mixture supplied with an 
open throttle provides economi^l operation, 
TWs ratio is somewhere around IS : 1 ^ by weight* 

If the mixture is enriched to around 11 ; 1 or 
1 2: 1 5 the engine will produee yeater power even 
though it will not run quite as econommDy. To 
incieasa engine power for high-^peed or 
heavy^load operation (as when pulling up a hiU)^ 
and still maintain laasonable economy^ an 
additional circuit is included in the carburetor 
which enriches the mixture with a wide-open 
throttle. These are knovm as the fulMoadj 
l^gh^speed circuits and may be of several types. 

In some carburetOjR, a POWER JET provides 
the additional fliel nacessary for maximum 
power at wide^pan throttle. The power-Jet vahre 



yacuum-controUed piston assembly is moved by 
atmospheric pressure in the float chamber to the 
top of its cylinder against the tansion of a 
spring, closing the valve. When the throttle is 
opened to a point where additloiial fuel is 
required s the manifold vacuum has decreased 
sufficiently so that the spring on the piston 
assembly moves the piston down^ thereby 
opening the power jet to feed additional fuel 
into the Wgh^paed circuit. The jet valve is 
sometimes referred to as the e^nomizer valve 
since its operation provides ftUl^power operation 
where naedcd and more aconomical oparatipn at 
other times. 

Instead of using a power jet, some 
carburators accomplish the same result by 
employing a METERING ROD which varies the 
size of the high-speed jat openings. Fuel from 
the float bowl is metered to the high-speed 
circuit through the calibrated orifice provided 
by the hi^^peed jet and the metering rod 
within it. From this point, the fuel is conducted 
to the nozzle ax tending into the venturij As the 
throttle valve is opened, its linkage mM$ the 
meteitng rod in the jet. The rod has several 
steps. Of tapari, machined on the lower and and, 
as it is raised in the jet, it makes the effectiva 
size of the fuel orifice greater, permitting more 
fuel to flow through tha circuit to meet the load 
demand imposed upon the angina. At the 
wide^pen throttle position, the smallest step of 
the meteriag rod is in the circular ppeiUng of the 
jet, pennitting the maximum amount of fuel to 
flow ttoough the drcuit to meet the 
requireniisits of maximum power. The metering 
rod position nmst ba synchronized with every 
tattle valve position so that Oie proper ratio of 
air and gasoline is delivered to the en^ne for all 
speeds md dri\dng conditions. 

Th& VACUUM SraP-UP (fig. 4-18) operates 
mudi lUce the power jet. It coniists of a^tap-up 
piston which is fastened to a step-up fodi^When 
hi^ vacuum develops in the intake manifold, as 
it does under part-throttle operation, atmospheric 
pres^OT holds the step-up piston down flttingt _ 
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Figurt 41 8.— Vacuum sttf^up high %p^%^ ^fm\U 



diffafgnce in pressure above and below tht 
piston is small. Coniaquently^ th^ piston is 
moved up by its spring prassure and the rod is 
raised out of tha jet. Additional fual for 
fuU-pQwar oj^eration is ? f^^d 

Accelerating 
Pump Circuit 

The acctkrating pump circiiit controls a 
small amount of fuel that h momentarily 
dischargid into the air stream when t\m throttle 
is opened quiekly. This axtis amount of fuel is 
necessary to insure instantaneous response from 
the anpne on iG(»Iaration* ythm the throttla Is 
suddenly opanedi air rushes throu^ botii the 
carburator and the intaka manifold. TTie air ts 
ligliter than the liquid fuel and gets into motion 
quicker, so it raaohas tha m^fold bafore the 
fuel charga supplied by the highspeed system. 
This rasults in a mornentarily lean mixture and 
hesitation during fast accelemtion. To 
countaract this condition, additional fuel must 
be supplied; this is acOTniiplishe4 by the 



by a lever mounted on the throttle shaft or 
Vacuum-operated by intake manifold vacuum; 
an intake check valve located In the bottoirt of 
the pump cylinder to control the passage of fuel 
from tha bowl into the pump cylinder; a 
discharge check valve; and an accelerating jel to 
meter the amount of fuel used. A typical 
arrangament with a mechanically actuated 
plunger is shown in figure 4-19, 

Whw the throttle is opened, the pump 
plunger moves downward in its cylinder. If the 
plunger is mechanically operatedj the downward 
movement will be brought about by dltect 
linkage with the throttle. If it is 
vacuum-actuated s a sudden throttle opening wiU 
cause the manifold vacuum to drop, allowing the 
accelerating pump spring to for^ the pamp 
plunger down in tha cylinder. In either case^. the 
subsequent action of the accelerating-pump 
circuit is the same. The downward travel of the 
plunger forces fuel past the dischaiie check 
valve to the accelerating jet, which maters the 
rate at wWch it is dlschargad Into the air streiim . 
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Fuel is supplied to tha pump cylinder through 
the intake check valve at tha bottom. The level 
of fuel in the punip cylinder when the plunger is 
held up to the top of its stroke is approxiniately 
equal to the level in the fuel bowL The intake 
check valve in the bottom of the cylinder 
permits a supply fuel to reach the cylinder but 
closes on the downstroke of the plunger, 
preventing the fuel In the cylinder from bein| 
pushed back into the bowK The 
accelemting-pump discharge is needed only 
momentarily when the throttle is opened 
suddenly. To prevent the accelerating jet from 
nowing at constant throttle openings^ mm^ 
models have an air-vent check valve placed 
between the accelerating jet and pump cylinder 
above the fuel level At steady part^hrottle 
positions^ when the pump plunger Is inopemtive^ 
no pressure exists on the fuel in the pump 
cylinder. Under this condition, the air-vent 
check valve wiU be open and the air will enter 
the passage connecting the pump cylinder and 
accelerating jet, preventing fuel froni flowing 
throu^ the jet. The pressure on the fuel^ 
created by the downs troke of the pump plunger, 
causes the air-vent check valve to close against 
its seat to prevent the fuel from being discharged 
back into the bowl through the air-vent passage. 
On some carburetors, the area above the plunger 
is connected to the intake manifold so that the 
accelerating pump does not work while the 
engine is not running. Under these conditions, 
the pressure in the intake manifold is near 
atmospheric and holds the pump plunger down, 

Sucessful operation of the accelerating pump 
depends on a delayed action, wWch pro^des a 
continual stream of fuel from the pump jet after 
the throttle has ceased moving. TOs is to take 
care of the fuel demands of the engine in the 
interval that exists between the time the throttle 
is opened and the time the highspeed nouk 
begins to discharge fuel. 

Qioke Orcuit 

When the engine is cold, the gasoline vapors 



have enough vapor to assure combustion. This is 
accomplished hy the choke circuit, which is a 
choke valve plate placed in the carburetor throat 
above the venturi, 

When a driver operates the choke, the choke 
valve tilts in the air horn to reduce the amount 
of air entering the throat, gi\iiig a very rich 
mixture. Only the volatile parts of the gasoline 
will vaporiie at cold tenipiratures; therefore, a 
rich mixture is necessaiy. It provides enough 
ignitible vapor to start the engine. However^ if 
the choke valve is in the full^choke position, it is 
completely closed, shutting off the supply of air. 
Consequently, there is not enough air entering 
the throat to allow the gasoline to ignite, The 
necessary air is admitted in manual chokes by 
either one of two semiautomatic features, 

In one design, the choke valve incorporates a 
spflngMoaded poppet valve (fig. 4-20). The 
poppet U held in the closad position by a weak 
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fHOKE VALVi 




mm 

f*\qurB 4^21.^0H^nt8r choke valve. 



spring. As soon as the engine turns over, there is 
sufficient prasiure differential to open the valve, 
allowing a small amount of air to flow* 

In the other desipij the valve is offcenter 
(fig. 4=21) and operated through a coiled spring 
on the end of the choke ihaft. In the full-choke 
positiont the spring holds the choke valve in the 



clossd position. As soon as the engine turns 
over, an increa sed pressure differential 
overcomes the spring tension and opens the 
choke valve part wayj admitting enough air to 
prevent overchoking or flooding the engine. As 
the engine warms up, the choke valve is 
gradually advanced to the wide-open position by 
the operator to supply the leaner mixture 
required for a hot enpne. 

AUTOMATIC CHOKES (figs. 4-22 and 
23) have replaced the conventional manual 
choke. They control the fuel-air ratio for quick 
starting at low temperature and also provide for 
the proper amount of choking to enrich the 
fuel-air mixture for all conditions of engine 
operation during the warmup period . The 
automatic choke built into the carburetor in 
figure 4-22 consists of a thermostatic (bimetal) 
spring and a vacuum piston which opposes the 
action of the spring. TTia spring is connected to 
the choke valve in such a manner as to close the 
valve when the spring Is cold. The vacuum piston 
tends to open the choke valve when the engine 
m?jiifold vacuum is high. The choke valve is 
mounted offcenter on the choke shaft so that 
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Figure 4^ 23. -Automatic ehoke with thcmic^tatic aoll 
mounttd in the nianjfold. 



any increase in air velocity through the air horn 
will tend to open the valve. 

The operation of the automatic choke is 
dependent on three factors; heat, Intake 
manifold vacuum, and the velocity of air passing 
through the air horn. When the enpne is cold, 
the thermostatic spring holds the choke valve 
closed. When the engine Is started, the low 
pressure (high vacuum) below the throttle valve 
permits atmospheric pressure to move the piston 
down and partially open the valve against the 
tension of the thermostatic spring. Under 
varying load conditions during warmup, the 
position of the choke valve will be changed by 
the operation of the vacuum piston working 
against the thermostatic spring, and the air 
velocity in the air horn. Hot air from the 
eKhaust manifold is directed to the themiostatic 
spring so that the spring loses its tension as the 
engine is heated. This pennits the choke to open 



or left, and retightening the screws. One trouble 
encountered with this choke is that carbon from 
the exhaust causes the vacuum pistyn to stick; as 
a result, no choking occuri when the engine is 
cold. 

In figure 4-24, the thermostatic coil is 
mounted in the manifold and connected to the 
choke valve by mechanical linkage. A vacuum 
diaphragm is mounted on the carburetor and 
attached to the linkage to retard choking action 
after the engine is started. In the operation of 
the automatic choke illustrated in figure 4-23, 
the thermostatic coil closes the choke valve until 
the engine is started. After starting, the vacuum 
diaphrapn, in conjunction with the air entering 
the carburetor throat, overcomes part of the 
tension acting on the choke valve from the 
thermostatic coil, and lessens the choking effect. 
As the engine warms up, the thermostatic coil 
continues to expand and open the choke until 
^"^^erating temperature of the engine is reached, 
Js type of choke can be adjusted by two 
methods. Some manufacturers allow for 
adjustment by providing more than one 
a t i a c hing point of the linkage to the 
thermostatic coil, while others provide 
adjustment by bending the mechanical linkage 
between the thermostatic coil and the choke 
shaft. Be sure to check the manufacturer's 
recommended method before adjusting this type 
of choke. 

&rburetor Troubles 

Here are some of the engine troubles that 
usually (but NOT always) can be traced to some 
fault in the carburetor system: 

1. EXCESSIVE FUEL CONSUMPTION 
can result from a high float level, a leaky floaty a 
sticking metering rod or full power piiton, 
sticking accelerator pump, and too rich an idling 
mixture. 
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idle mixture, a defective choker or an incorrectly 
adjusted idle speed screw at the throttle valve. 

4. FAILURE OF THE ENGINE TO 
START may be caused by an Incorrectly 
adjusted choker clogged fuel lineSj or air leak 
into the intake manifold. 

5. HARD STARTING OF A WARM 
ENGINE could be due to a defective or 
improperly adjusted throttle link, 

6. SLOW ENGINE WARMUP may indicate 
a defective choke or defective radiator 
thermostat. 

7. A SMOKY, BLACK EXHAUST indicates 
a very rich air-fuel mixture. 

8. STALLING OF THE ENGINE AS IT 
WARMS x:ould be caused by a defective choke 
or closed choke va!v0. 

9. A BACKFIRING ENGINE may be due 
to an inconecti often lean, air-fuel mixture 
reaching the engine. In turn^ this condition 
could be caused by clogged fuel lines or a 
fluctuating fuel level. 

ITie more stubborn troubles in a carburetor 
can sometimes be eliminated only with its 
disassembly and overhauling. The pro ures 
vary a^vOrding to the manufa. ^rs 
specifiLations^ which you should foUov gly, 

AIR CLEANER 

The air cleaner is placed at the air entrance 
of the carburetor to remove dust and other 
foreipi matter from the air before it enteii the 
carburetor. A great deal of air, as much as 
100,000 cubic feet for every 1000 car miles, is 
introduced into the engine. Without an air 
cleaner, dust and grit would enter the en^e 
with the air and would cause exce^ive wear and 
operating troubles. 

Two types of air cleaner are used : a wet type 



air flows past the oil-filled reservoir, picking up 
pui tides of oil and carrying them into the filter. 
The filter traps the oil and particles and allows 
the oil to seep back to the reservoir. The air 
finally hits the cover *te and is detlected down 
througli a passage to carburetor. 

The metal gauze or threads in the filter also 
act as a flame arrester in case of severe flashback 
or backfire. Many air cleaners are equipped with 
a silencing unit called the SOUND 
NEUTRALIZING CHAMBER. It consists of 
air-intake passages designed to muffle air noisei, 
and a felt pad that acts as a gasket and absorbs 
engine intake noises. 

The DRY-TYPE AIR CLiiANER (tig. 4-25) 
uses a treated and pleated paper cleaner element 
which requires periodic replacement. The 
element is sealed in the air breather by prer^ure 
against the rubberized material bonded tu the 
filter element and the cover plate and housing. 
This type of air cleaner element is gradually 
replacing the oil-bath type due to its ability to 
remove smaller particles from the airflow into 
the engine. 

A clogged air cleaner produces an action 
similar to choking which results in too rich a 
fuel mixture. Foreign matter paised into the 
engine because of a poor cleaner will also cause 
excessive engine wear and operating troubles. 

At each chassis lubrications remove the air 
Q-^ m&T and wash metallic filter elements in 
nonflammable cleaning ^^olvent. Never wash 
thern in gasoline, for gasoline could be ignited 
by static electricity, or even by the friction of 
rubbing surfaces. Paper elements should be 
replaced at intervals recommended by the 
manufacturer. Wash the other air cleaner parts* 
In wet-type cleaners, drain the old oil and add 
new oiL Be sure that the weight of the new oil 
conforms to the manufacturer's speclflcationSp 
and that you add it to the level indicated on the 
filter body. 
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Lke manifold is usually a cast iron 
yugh which the air-fuel mixture 
ich cylinder. The intake manifold 
short and as straight as possible to 
:es of condensation and aid the flow 
cture from the ^rburetor. The 
nounted on the lide of the cylinder 
head engines, on the side of the 
i in I-head engineSj and between the 
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the individual cylinders. Connections between 
the engine block and the manifold, and between 
the carburetor and the manifold, muit be 
airtight. They are usually sealed by thick gaskets 
which allow for any slight irregularity in the 
joining metal surfaces. Leaks and cracks permit 
air to enter the engine without passing through 
the carburetor, resulting in a lean and poisibly 
dirty mixture (air containing dust and foreign 
particles). 

The exhaust manifold is usually a cast=iron 
passage through which the used gases are carried 
away from the engine cylinders. It is attached to 
the side of the cylinder block on L-head enpnes 
and to the side of the cylinder head on overhead 
valve engines. On V-S engines there are two 
exhaust manifolds, one for each bank of 
cylinders. The manlfoldi are usually connected 
by a crossover pipe and exhaust through a 
common muffler and tail pipe. Some vehicles 
with dual exhausts have two mufflers and two 
tail pipes which increase the efficiency of the 
engine by reducing back pressure. 




The gasket between the exhaust manifold 
and the cylinder block or cylinder head must 
withstand the intense heat of the exhaust gases* 
Although gaskets are made of metal-covered 
asbestos, they can bum, and they will have to be 
replaced if the connections become loose. 
Exhaust gas leaks can be detected by smoke 
discolorations at the connections. If the leak is 
bad enough, it can be felt and heard when the 
engine is running. 

A device called a MANIFOLD HEAT 
CONTROL VALVE is often built into the 
exhaust manifold to promote better 
vaporization of the fuel during engine warmup. 
In cold weather, evaporation of the gasoline in 
the air-fuel mixture entering the engine is poor^ 
since gasoline evaporates more slowly when it is 
cold. To assist in the vaporization of the fuel, 
the heat control valve deflects che exliaust gases 
toward the intake manifold (shown in fig. 4*26), 
when the engine temperature is low. As the hot 
exhaust gases pass around the intake manifoldj 
they heat the manifold and the incoming air-fuel 
mixture. 
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Whan the engine is warmed up enough to 
insure idaquate vaporization of the fuel, the 
valve turns as shown in figure 4-26. Now the used 
gases are deflected downward into the exhaust 
pipe and no longer circulate around the intake 
manifold. The space around the intake manifold 
which is heated by exhaust gases is sometimes 
galkd the HOTSPOT, 

This valve should be checked regul^Iy to 
make sure it operates freely. If the valve sticks in 
the warmup position, the exhaust valves wUl 
bum due to the increased tem^rature resulting 
from the restricted flow of exhaust gases. 

If you find a stuck valve, add a few drops of 
penetrating oil mixed with graphite to the shaft 
and manuaUy work the valve until it bewmes 
free to operate by spring tension. 

Before reaching the tail pipe, the used gases 
pass down the exhaust pipe through the 
MUFFLER (fig. The muftler, exhaust 
pipe, and tail pipe comprise the exhaust system. 

The muffler quiets the noise of the eKhauit 
by reducing the pressure of the used gases. These 
gases expand and cool in the separate chambers 
of the muffler. Flames and sparks leaving the 
exhaust manifold with the gases are * -trapped" 



by the muffler, which also acts as a 
arrester. 

The muffler is connected between the 
exhaust pipe and the tail pipe by slip joints and 
clamps and is supported from the frame of the 
vehicle by straps. Rust on the outside of the 
muffler is caused by snow^ rainj and humidity. 
Rust on the inside results from burning fuel> 
You have learned that the products of 
combustion contain water in suspension. This 
water, trap^d in the muffler, will gradually rust 
it. With every gallon of gasoline that is burned, 
approximately 6.9 lb of water are formed, and 
pass through the muffler. Much of this moisture 
will remain in the muffler if the vehicle is driven 
only short distances, but most of it wifl be 
expelled if the veWcle is driven speedily for a 
long distance. In time, the rust, together with 
the pressure of the exhaust gases, wil! force 
holes in the muffler, through whicli the 
poisonous fumes of carbon monoxide will seep 
into the vehicle and car^ affect the occupants, 
sometimes fatally. 

When you install a muffler, be sure that the 
small drain hole in the case is at the bottom, and 
that the clamp fasteners are tight. 

Mufflers must be repJacad h .mediately if 
they ?re known to be dei^^r^lve. Thm siiuuld be 
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replaced also if suspected of being clogged with 
carbon particles or other foreign matter. 
Inabihty of the engine to develop maximum 
power, difficult startings and operation of the 
engine at higher than normal temperatures may 
indicate clogging of either the muffler or 
another part of the exhaust system. 

The mufner TAIL PIPE or OUTLET PIPE, 
which extends to the rear of the vehicle (or over 
the cab on some construction equlpmentj and 
trucks), should be kept open so that ihe exhaust 
gases can escape easily. A pinched or partly 
closed tail pipe can affect engine operation to 
the extent that the engine may stop. Unless the 
used gases are removed from the cylinden, a 
fresh mixture cannot enter. 

Rain caps should be installed on exhaust 
pipes which extend upward. These caps prevent 
rain and dirt from entering the exhaust pipe and 
engine when the equipment is not being used, 
thus eliminating starting and operating 
problems. The exhaust pipe of equipment with 
turbochargere must be sealed when being 
transported unless the engine is left running. 
This prevents damage to the turbocharger, which 
could be caused by air flowing into the vertical 
exhaust pipe and turning the t^. jocharger with 
no lubrication. 

GASOLINE ENGINE 
EMISSIONS 

Air pollution should be a major concern of 
every American citizen. In many large 
metropoHtan areas where traffic is congested 
and industry is concentrated, contamination of 
the air has become a serious problem, 

The major causes of air pollution are 
industry and the gasoline engine. As a 
Construction Mechanic, you are directly 
concerned with the prevention of pollution by 
the gasoline enpne and its fuel system. 
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The emissions from the gasoline fuel system 
and engine originate from four sources: the fuel 
tankj carburetor, crankcasej and exhaust. Each 
source requires its own controlling device. 

Fuel systems on older models of gasoline 
engines were vented to the atmosphere. This 
method of ventilation allowed fuel vapors 
containing hydrogen and carbon (HC) to escape. 
When combiiied, HC and oxides of nitrogen 
(NO^) cause smog in areas where there is a large 
volume of vehicle traffic. This smog causes 
reduced vision and irritation to the eyes and 
respiratory system. 

Many changes have been made to 
gasoline-powered equipment in recent years to 
reduce the emissions and reverse this trend. 

All gasoline engines you will encounter 
today have had some type of emission control 
devices installed, They will in one way or 
another affect the engines' operation and 
maintenance procedures. In order for you to 
perform the necessary maintenance on these 
engines, it is important that you consult the 
manufacturer-s manual for the specific en©ne 
and application you ar^ working on. This wiU 
allow you to make repairs and adjustments 
without reducing the effectiveness of these 
devices. 



THE DIESEL FUEL SYSTEM 

Like the gasoline engine, the diesel engine is 
an internal combustion engine using either a 2- 
or 4-stroke cycle (discussed in chapter 2), Power 
is obtained by the burning or combustion of fuel 
within the engine cylinders, TTie diesel engine 
does not use a carburetor because the diesel fuel 
is mixed ixi the engine cylinder with the 
compressed air, 

CQmpression ratios in the diesel engine range 
between 14:1 and 19:1, This hiah ratio causes 
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high tarnperatura. The diesel en©ne is known as 
a COMPRESSION^GNITION enpne, while the 
gasoline engine is a SPARK4CNITI0N engine. 

Figure 4-28 shows the comparison of the 
four strokes of a 4'cycle diesel and a 4-cyde 
gasoline engine. 

The speed of a diasal enpne ii controlled by 
the amount of fuel injected into the cylinders; in 
a g^oline engine the speed of the en^ne is 
controlled by^ the amount of air admitted into 
the carburetor. 

Mechanically i the dltsel engine is similar to 
the gasoline engine. The intake, compmssion, 
power, and exhaust strokes occur in the same 
order. The arrangement of the pistons, 
connecting rods, crankshaft, and enpoe valves aie 
about the mtm. The diesel engine is also 
classified as INLINE or V-TYPE, 

In comparison to the gasoline engine^ the 
diesel enpne produces more power per pound of 
fuel, is more reliable, has lower fuel 
consumption per horsepower per hour, and 
presents less of a fire hazard. 

These advantages are partially offset by high 
initial cost, heavier construction needed for its 
high compression pressures, and the difficulty in 
starting which results from these pressures, 

DIESEL FUEL 

Diesel fue^i is heavier than gasoUne because it 
is obtained from the residua itt the crude oil 
after the more volatile fuels have been removed. 
As with gasoline, the efficiency of a diasel fuel 
varies with the type of engine in which it Is used. 
By distillation, cracking, and blending of several 
oils, a suitable diesel fuel ca.i be obtained for all 
en^a operating conditloni. Slow ipeed diesels 
use a wide variety of heavy fuels; high spaed 
diesel engines require a lighter fueh Using a poor 
or an improper grade of fuel can cause hard 



damage. It must also be clean, mix rapidly with 
the air, and buni smoothly to produce an even 
thrust on the piston during combustion. 

The properties to consider in selecting a fuel 
for a diesel engine are volatility, cleanliness, 
viscosity, and ignition quality. 

Volatility 

The volatility of a diesel fuel is measured by 
the 9^percent distillation temperature. This Is 
the temperature at which 90 percent of a sample 
of the fuel ha^. been distilled off. The lower this 
temperature, the higher the volatility of the fuel. 
In small diesel engines, a fuel of high volatility Is 
more necessary than in large engines if there is 
to be low fuel consumption, low exhaust 
temperature^ and little exhaust smoke 

CleanUn^ 

Cleanliness of diesel fuel is very important. 
Fuel should not contain more than a trace of 
foreign substances; otherwise, fuel pump and 
Injector difticulties will develop. Because it is 
hea^aer and more vlscour: 4 will hold 

dirt particles in suspend ,;:;r periods 

than will gasoline. In th /i^cess, not aU 

foreign matter can be ^ i, and harmful 
matter like dirt and water ^ . get into the fuel 
while it is being handled. Water especially will 
rust an engine. Water will also cause hard 
starting and misfiring. Dirt will clog injectors 
and spray nozzles and may cause an engine to 
misfire or stop altogether. 

Viicosity 

The viscosity of fuel is the measure of its 
resistance to flow. Viscosity is expressed by the 
number of seconds required for a certain volume 
of fuel to flow through a hole of a certain 
diameter at a ^ven temperature. The viscosity of 

diesel fuel mmt he low ftnnnoh fn finu/ fr^^h/ at 
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GASOLINE 



ON POWNWARB STROKE OF PISTON, 
INTAKE VALVl OPiNi AND ATMOS- 
PHERIC FRiiSURE FQReEi AIR 
THROUGH CARBURETOR WHERE IT 
PICKS UP A METERED COMBUiTlBLE 
eHARGE ©F FUEL, ^WE MIXTURE 
SOES PAST THE TK i^TTLE VALVE 
INT© cyLINDER SPACE VACATED BY 
THl PIITON, 




CARBURETOR 



DIESiL 



ON OOWNW.U^p STP^^KE ©F PlSTON.- 
(NTAKE VALVE OPCNS hHD ATMPS- 
PHFRIC PRESSUftR; FORCES PURE 
AIR INTO THE CYLiNDER SPACE 
VACATED BY THE PISTON; THERE 
BEING N© CA.qBURETOR QR THROTTLE 
VALVE, CYLINDER FILLS WITH SAME 
QUANTITY ©F AIR, REOARDLESS QF 
LOAD ON THE ENGINE. 



COMPRESSION STROKE 



ON UPSTROKE OF PISTON. VALVES 
ARE CUDSgD AN© MIXTURE IS COM- 
PRESSED. USUALLY FROM 110 TO ISO 
Pit. PEPENDING ON COMPRESSION 
RATIO OF ENGINE. 



ON UPSTROKE OF PISTON. VALVES 
ARE CLOSED AND AIR IS COMPRESSED 
T© 400 TO §00 PSh 



POWER STROKE 



SPARK PLUG 



NOZZLE 



COMPRESSED FUEL-AIR MIXTURE IS 
IGNITED BY ELECTRIC SPARK. HEAT 
OF COMBUSTION CAUSES FORCEFUL 
EXPANSION OF CYLINDER ©ASES 
AGAINST PISTON, RESULTING IN 
POWER STROKE, 




MAGNETO 
OR 

DISTRIBUTOR 



HIGH COMPRESSION PRODUCES HIGH 
TEMPERATURE FOR SPONTA NE OUS 
iONlTlON OF FUEL INJECTED NEAR 
END OF COMPRESSION STROKE. 
HEAT ©F COMSUSION EXPANDS^ 
CYLINDER CASES AGAINST PISTON, 
RESULTING IN POWER STRCKE. 



UPSTROKE OF PISTON WITH EXHAUST 
VALVE ©PEN FORCES BURNEB GASES 
OUT, MAKING REAOY FOR ANOTHER 
INTAKE STROKE, 



EXHAUST STROKE 




UPSTROKE OF PISTON WITH EXHAUST 
VALVE OPEN FQRCES BURNED GASES 
OUT, MAKING READY FOR ANOTHlR 
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Ignition Quality 

The ignition quality of a diesel fuel is its 
ability to ipiite when it is iajeuted into the 
compressed air within the engine cylinders. 
Ignition quality is measured by the CETANE 
RATING of the fuel. A cetane number is 
obtained by comparing the ipiition quality of a 
pven diesel fuel with that of a reference fuel of 
known cetane number in a test engine. This 
reference fuel ii a mixture of 
alphamethylnapthalene, which is difficult to 
i,^<ute alone, and cetane, which will ignite readily 
at lemperatures and pressures comparable to 
those in the cylinders of a diesel engine. The 
cetane rating indicates the percentage of cetane 
in a reference fuel which wiU just match the 
ignition quality of the fuel being tested. The 
higher cetane numbers indicate more efricient 
fuels. The large, slow diesels can use 30 cetane 
fuel, but the higli speed diesels must use at least 
a 40 cetane fuel, while some require as high as a 
60 cetane fuel. 

The ipiition quality of a diesel fuel depends 
also on its FLASH POINT and its FIRE POINT. 
The flash point is the temperature to which the 
fuel vapors must be heated to flash or ignite. 
The minimum flash point for dk^l fuel is 
150°F. A fuel having too low a flash point is 
dangerous both to handle and to store. 

T\\e Tire point is that temp-arature at which 
the fuel vapors will continue to bum after being 
ignited. It is usually 50 to 120 dep-ees higher^ 
than the flashpoint. 

You will sometimes hear knocfts In die^sel 
engines; They are believed to be caused by the 
rapid burning of the fuel that accamulates 
during the delay period between injection and 
ipiition. This delay is known as IGNITION LAG 
or IGNITION DELAY. Wheit the fuel is injacted 
into the cylinders, it must vaporise and be 
heated to the flash point to slart combustion. 



better, Diesel combustion chambers are designed 
to provide swift movement of air in the cylinder. 
The air assists in providing a uniform mixture 
when the fuel is injected into the cylinder. 

COMBUSTION CHAMBER DESIGN 

Several types of combustion chambers are 
used in modern diesel engines. They are designed 
to create turbulence in the cylinder in order to 
mix the air and fuel effectively. All modem 
combustion chambers may be classified under 
one of the following four designs: OPEN type, 
PRECOMBUSTION type, TURBULENCE 
chambers, and HYPERCYCLE combustion 
chainbers. In construction equipment, the most 
common types are the open combustion 
chanibei and the precombustion chamber. 

Open Combustion 
Qi amber 

The open combustion chamber (fig. 4-29) is 
the simplest form of chambar. Due to the design 
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of the piston crown, turbulence is generated as 
the piston conies up on the compression stroke. 
Tne injector is mounted in the cylinder head so 
that the end extends slightly below the bottom. 
The fuel is injected directly into the combustion 
space formed by the top of the piston and the 
cylinder head. The open chajriber requires higher 
injection pressures and a greater degree of 
atomlzation to obtain the proper air-fuel 
mixture than the other types of combuslion 
chambers. To equaliz^^ combustion in the 
combustion chamber, it uses a multiple 
orifici'type injector tip foretTective penetration 
and angle of spray, 

Precombustion Chamber 

Figure 4-30 shows a diagram of a 
precombustion chamber. This chamber is usually 
separate from the cylinder head, but is screwed 
or pressed into the opening provided in the 
cylinder head. The precombustion chamber is 
water-cooled because it extends through the 
v/ater jacket and into the bottom of the cylinder 
head. It must be sealed at both ends to prevent 
water leakage. As the piston moves up on the 
compression stroke, a small part of the 



c om pressed air enters tht.* precombustion 
chamber where it swirls rapidly within a small 
space. The fuel nozzle is of the single hole type 
and is mounted into the precombustion 
chamber. As it is injected from a single hole 
nozzle, the fuel is only slightly :;^.omized and 
depends on this highly turbulerM .* ir foi further 
atomization and ignition. Hi^h ^n.gri^ure builds 
up inside the precombustion cha:nber as ignition 
begim. Tliis pressure causes the remaining fuel 
to vaporize and, at the same time, move into the 
n^mn combustion space. 

"/ » - buience Chamber 

The turbulence chamber (fig, 4-3 1 ) is similar 
in appearance to the precombustion chamber, 
but its function is different. Then is very little 
clearance between the top of the piston and the 
head, so that a high percentage of the air 
between the piston and the cylinder head is 
forced into the turbulence chamber during the 
compression stroke. The chamber is usually 
spherical, and the small opening through which 
the air must pass causes an increase in air 
velocity as it enters the chamber. This 
turbulence speed is about 50 times crankshaft 
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speed. The fuel injection is timed to occur when 
the turbulence in the chamber ii greatest. This 
insures a thorough mixing of the fuel and air, 
causing the greater part of combustion to take 
pSace in the turbulence chamber. The pressure 
craated by the expansion of the burning gasai is 
tlH force that drives the piston downward on 
the power stroke. 

Hyperc^^cle 
Combustion Oiamber 

The hypercycle combustion chamber 
encountered by the Construction Mechanic ii 
found in the multifuel engine used on tactical 
military vehicles. The engine isderigned to bum 
various grades of fuel However, the use of fuels 
other than diesel or jet fuel (JP-5) will severely 
shorten the engine's life. 

The hypercyule combustion ^haj^iber is 
located in the crown of the piston. A ,^mall 
amount of fuel is injected directly into this 
chamber where combustion starts and moves 
upward as the fuel burning continues, Figure 
4»32 illustrates the action which takes place 
during each stroke of an engine using the 
hypercycle combustion chamber. 

GOVERNORS 

ITie speed and the power output of an 
eiipne are determined by the combustion 
process in the cylinders. Since combustion 
depends upon air and fuel, the speed and th^ 
output of an engine can be controlled by 
regulating the amounts of air and fuel supplied 
for the combustion process* 

In diesel engines, a varying amount of fuel is 
mixed with a constant amount of compressed air 
inside the cylinder. A full charge of air enters 
the cylinder during each intake event. Singe the 
quantity of air admitted is constant^ combuniion 
and, m turn, speed and power output are 
contrnlleri hv rftffiilatini? fh(h flmnnnt nf fiip.l 



flowing into the cylinders of the engine. The 
carburetor ii designed to control the airflow, 
The amount of air and its velocity, in turn, 
control the quantity of fuel with which thjs iiir is 
mixed before the mixture cnte^ th^ irylmriHfs. 

The quantity and velocity of air flovdng to 
the cylinders is controlled by the throttle valve. 
By operating th^ vtfve, you admit more or less 
air to the sn^e, and the carburetor 
automatically supplies the gasoline necessary to 
maintain the corrf ct fuel-air ratio* Regulation of 
fuel or air supply by manual throttle control is 
adequate when engine speed and output 
requirements mmain rather constant. Moweverj 
the requirementi of most enguiies used by the 
Navy vary because of fluctuating loads. The 
conditions under which construction equipment 
engines and the engine of a generating unit 
opemte are examples of fluctuating loads. In 
road buUding, construction equipment 
constantly carries heavy loads outbound, but 
returns with no load, In the case of a generating 
unit, the demands for electricity are variable. 
Manual throttle control is not adequate to hold 
engine speed reasonably constant during such 
fluctuations in load. For this reason ^ a speed 
control device, or governor, is provided to 
prevent the engine from overspeeding and to 
allow the engine to meet cli^riging load 
conditions, 

RelEtion of Governor 
to Fuel System 

Even though it is not a part of the fae! 
system^ a governor is directly related to this 
system since it functions to reguinte speed by 
control of the fuel or of the fuel-air mixture, 
depending upon the type of en^ne. In diesel 
engines^ governors are connected in the linkage 
between the throttle and the fuel injectors. The 
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that they joontrol the amounl of the mixture 
flowing from the carburetor to the intake 
manifold. 

Governors, like carburetors and fuel 
injection equipment, seem somewhat 
complicated unless one has a thorough 
understanding of the construction and operating 
principles of the equipnnient. As you progress 
through the Construction Mechamc rating, you 
will acquire, through practical experience and 
study, the knowledge necessary to understand 
the factors which may seem complicated at the 
present. For the time beijig, it is enough to 
understand the relationship of speed-control 
devices to the fuel system of an en^ne. Forth 
reason* the information on governors which 
given in this course is general in nature. 

Speeds Regu la ting 
Governori for Diesal Engine 

The type of load and the depee of control 
desired determine the kind of governor to be 
used on a diesei engine. Since all governors used 
On diesei engines control enpne speed through 
the regulation of the quantity of fuel delivered 
to the cylindenj these governors may be 
classiflcii under the general heading of 
speed-regulating governori. Governors used on 
diesei en^nas may also be classified in various 
other ways, such as according to the function or 
functions performed, the forces utiliied in 
operation, and the meaiis by which the governor 
operates the fuel-control mechanism. 

Goveniors are desipied to control engine 
speed under varying load conditions. Since the 
type of loud and the degree of control desirid 
vai7 from one type of installation to another, 
the primary function of a governor depends 
upon the requirements of a particular 
installation. 

Soma ini^tanattnns rennira thai: online ^nt^ed 



devices wliich are designed to keep an enpne 
from exceeding a specified maximum speed and 
from dropping below a specified minimum speed 
are classified as SPEED-LIMITING governors, 
(In iome cases, speed-limiting governori 
function only to limit maximum speed.) Some 
engine Installations require a control device that 
limits the load which the engine will handle at 
various speeds. Such devices are called 
LOAD-LIMITING governors. 

A governor may also be designed to perform 
two or more of the functions just listed. In this 
case, ift'i H ;;a'?dng mechanisms which perform 
ihe v^r>:us functions are combined in a single 
unit. 

Spring^Loaded 
Centrifugal Govemois 

In most of the governors installed on diesei 
engjnei used by the Navy, the centrifugal force 
of rotating weights (flyballs) and the tension of 
a helical coil spring (or springs) are utilized in 
governor operation. On this baaiSg most of the 
governors used on diesei engin - ^ are ganerally 
called SPRING-LOADED CENTRIFUGAL 
governors. 

In spring-loaded centrifugal governorSj two 
forces oppose each other. One of these forces is 
the tension of a spring (or springs) which may be 
varied either by an adjusting device or by 
muvenient of the manual throttle. The other 
force is produced by the engine, Weights 
attached to the govemor drive shaft are rotated, 
and a centrifugal force is created when the shaft 
is driven by the engine. The centrifugal force 
varies directly with the speed of the engine. 

Transmitted to the fuel system through a 
connectltig linkage the spring (or 

springs) tends to i^v ' mount of fuel 

diiivf^r^d to the c^r^ v^. s^.^ uhs other hand, 
the centrifugal (otm 4i i^c H^iting weightSj 
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governor are balanced, so that the engirv' speed 
is constant. If the load is increased, the engine 
speed decreases, resulting In a reduction in the 
centrifupl force of the flyballs, The spring 
tiniion then becomei the greater force and it 
acts on the fuel-contrQl mechanism to increase 
the quantity of fuel delivered to the engine. The 
increase in fuel results in an increase in engine 
speed until balance of the forces is again 
reached, 

When the load on an engine Is reduced or 
removed, the engine speed increases and the 
centrifugal force within the governor increases. 
The centrifugal force then becomes greater than 
the spring tension and acts on the fuel control 
linkage to reduce the amount of fuel deUvered 
to the cylinders. This cauiei the engine speed to 
decrease until a balance between the opposing 
forces is again reached and engine speed 
becomes constant. 

OUier Classifications 
of Governor 

Governors are also classified according to the 
method by which fu^l-control mechanisnis are 
regulated. In some cases, the centrifugal force of 
the rotating wei^ts regulates the fuel supply 
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directly, through a mechanical linkage v^ldch 
operates the fuekontrol mechanism, Other 
governors are designed so tliat the centrifugal 
force of the rotating weights regulates the fuel 
supply indirectly, by moving a hydraulic pilot 
valve which controls oil pressure. Oil pressure is 
then exerted on either lide of a power piston 
whjch operates the fuel-control mechanism. 

Governors which regulate the fuel supply 
directly (through mechanical linkage) are called 
MECHANICAL GOVERNORS; and those wliich 
control the fuel supply indirectly (through oil 
pressure) are called HYDRAULIC 
GOVERNORS. Simple governors of the 
mechanical and hydraulic types are shown in 
figures 4-33 and 4-34, respectively. 

Note that in the illustration of the 
mechanical governor, the weight or fly balls * are 
in an upright position. This indicates that the 
centrifugal force of the weiihts and the tension 
of the spring are balanced ; in other words, the 
engine is operating at constant load and speed. 
In the case of the hydraulic governor, the 
positions of the parts indicate that the engine is 
responding to an increase in bad with a resulting 
decrease in en^ne speed. Note that the weights 
tilt inward at the top. As engina speed decreaseSs 
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Figure 4-34.»Slmple hydrsulie go¥emor. 
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the spring teiision overcoiiies the centrifugal 
force of these rotating weiglits. When the spring 
tension is greater than the ceiitrifugal force of 
the nyballs, the governor meehanlsnri acts to 
permit oil under pressure to force the piston to 
increase the fuel valve opeaing, The increased 
fuel supply causes an increase in engine power 
output and speed. The governor regulates the 
fuel supply so that enough power Is developed 
to handle the increase in load. 

Hydraulic governors are more lensitive than 
those of the mechanical type. Also, the design of 
a hydraulic govenior enables a comparatively 
small governing unit to control the fuel 
mechanism of a large enpne, The mechanical 
governor is used more often on small engines^ 
which do not require extremely close regulation 
of the fuel. Hydraulic govemori are more 
suitable to large engines, in which more accurate 
regulation of fuel is necessary, 

Danger of 
Exc^ive Speed 

Engines which are maintained in proper 
operating condition seldom reach speeds above 
those for which they are designed. However^ 
there may be tiniei when ipaeds become too 
higli. The operation of an engine at excessive 
speeds is extremely dangerous. If the engine 
speed is high enough, the high inertia and 
centrifugal force developed may cause parts to 
become seriously damaged or even to fly apart. 
Therefore, it is essential that you know why an 
engine may reach a dangeromly highspeed, and 
how it may be brouglit under control when too 
much speed occurs. 

Causes of 
Excesdve Speed 

In some 2'Stroke cycle engines, lubricating 
oil may leak into the cylinders as a result of 
leaky blower seals or brokeri piping. Even 
though the fuel is shut off, the en^ne may 
continue to operate or even run away, as a result 
of this combustible material coming from the 
Uncontrolled source. Engines In which 
lubricating oil may accuralate in the cyUnden 
are generally equipped with an automatically 



operated mechanism which shuts off the intake 
air at the Inlet passagi^ to the blower. If no air 
Shu toff mechanism is provided and shutting off 
the fuel will not stop an cjigine which is 
over-speeding, anything which can be placed 
over the engine's air intake to stop airflow, si 
as a piece of canvas or even a pair of dungarees, 
will stop the engine, 

Excessive engine speeds more commonly 
result rrom m improperly functioning regulating 
govemor than from any other cause, The usual 
methiod of accomplishing an emergency 
shutdowii when the regulating governor fails to 
function properly is to shut off the fuel oil 
supply to the cylinders. If this fails to slow the 
engine or stop it, the air supply to the engine 
must be cut off. 

CAUTION: Do not risk personal injury to 
stop an overspeeding engine when all normal 
means hav^e failed. 

Stopping Fuel Supply 

Shutting off the fuel supply to the cylinders 
of an engine may be done in various ways. The 
fuel-coiitrol mechanism may be forced to the 
NO FIJEL position; the fuel line may be blocked 
by closing a valve; the pressure in the fuel 
injection line may be relieved by opening a 
Valve; or the mechanical movement of the 
injection pump may be prevented. These 
methods of shutting off the fuel supply may ba 
done either manually or automatically, 

OvefSpeed tofety Devices 

Automatic operation of fuel and air control 
mechanisms is accomplished by overspeed safety 
devices, As emrrgency controls, these safety 
devices operate only in the event the regular 
spied govemor fails to maintain engine speed 
within the maximum design limit. Devices which 
function to bring an overspeeding engine to a 
full itop by completely shutting off the fuel or 
air supply are generally called OVERSPEED 
TRffS. Devices which function to reduce the 
excesdve speed of an enpnej but allow the 
engijie to operate at safe speeds, are called 
OVERSPEED GOVERNORS. 
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All overspeed governors and trips depend 
upon a spring'loaded centrifugal governor 
elemant For their operation. In overipeed 
devices, the spring tension is great enough to 
overbalance the centrirugal force of the weights 
until the engine speed rises above the desired 
maximum* When an excessive speed is reached, 
the centrifugal force overcomes the spring 
tension and operates the rnechanlsm wluch stops 
or limits the fuel or air supply. 

Governors as 
Safety Devices 

When a governor serves as the safety device, 
the actual operation of the fuel or air control 
mechanism by centrifupl force may be brought 
about directly, as in a jnechaiiical governor, or 
indirectly, as in a hydraulic governor. In the case 
of an overspeed trip, the ihutoff control is 
operated by a power spring. The spring Is placed 
under tension when the trip is manually set, and 
held in place by a latch. If the maximum ^peed 
limit is exceeded, a spring-loaded centrifugal 
weight moves out and trips the latch, allowing 
the power spring to operate the shutoff 
mechanismi 



DIESEL FUEL 
SYSTEM COMPONENTS 

The diesel fuel system is similar to the 
gasoline system in tank and fuel line 
construction only. Each manufacturer has his 
own method of transferring the fuel and creating 
the high pressure required for injection of the 
fuel into the cylinders. 

FUEL TANKS 

The diesal fuel tank is mounted directly on 
the chassis of construction equipment because 
of its weight (when filled) and to prevent 
movement of the tank when the equipment is 
operated over rough terrain. Its location alio 
depends on the type of equipment and the 
equipment's um. On equipment u^d for ground 
clearing and earthwork, the tank is mounted 
where it has less chan^ of being damaged by 



foraign objects or striking the ground. Fuel tank 
caps are usually threaded internally and screw 
onto the tank nUer pipe. Most fuel caps are 
equipped with a sealing psket and vent hole. 

FUEL GAGES 

"nie electric gages used on diesal fuel tanks 
are the same type as used in the gasoline fuel 
system. Some manufacturers use a bayonet type 
gage permanently attached to the filler cap of 
the fuel tank or installed under the fuel cap. 
These are graduated and the fuel level is checked 
by the same method as oiJ in an engine. 

FUEL FILTERS 

Fuel filters are built into the fuel supply 
systems of diesel engmes to filter any abrasive 
impurities that may ba in the fuel These 
Impurities may have been difficult to eliminate 
during the process of refining, or they may enter 
the fuel tank through care]|js refueling. 
Whatever the source, these impufities must be 
removed to protect the closely fitted parts in the 
pumps and nozzles. 

Most diesel engines have two fllten in the 
fuel supply system. The priniary (coarse) filter is 
usually located between the supply tank and the 
fuel supply pump, and the mcondm (fine) filter 
between the fuel supply punnp and the iiyection 
pump. Add itlonal filtering elements are 
frequently installed between the injection pump 
and the nozzle. 

Diesel fuel oil fdtere are referred to as 
FULL-FLOW filters, since all the fuel must pass 
through the faters before reaching the injection 
pumps. Filters must be inspected regiilarly and 
cleaned or replaced, if their maximum efficiency 
is to be maintaiiied, ALL NJETAL-DISK filters 
are cleanable, but most doth or fabric elements 
must be replaced when they become dirty. 

MetaI'Disk Filter 

TTie metaWlsk filter shown In figure 4-35 is 
made of a series of Iminated disks placed within 
a large fcowl, which acts as a settling chamber for 
the fuel and encloses the disks or strainer 
awmbly. Fuel enters the filter at the top iniet 
connection and, flowing dom, goes between the 
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Figure 4-35.^1^^^ disk f uil fitter. 



disks, and the ji up a ceiitTal passage to the outlet 
connectiori at thi top. Dirt and foreip. matter 
cannot pass betwaan the disks and are deposited 
at the outtr rim^ The cleannca bitween the 
disks t0.OO3 inch) Is small anough to prevent the 
passage of water* TWs is posrible bacauia waters 
when present in gasoline or oil, fonns small 
^obuies thai are toe larie to pass between the 
dlsksr The filter shovm in figure 4-35 Is the iame 
as the one mantionad above except that a 
cleaning knife is added. Solids larger than 0*005 
inch remaiii on the outside of the elennentp and 
the cleaning knife iQrapes these deports off the 
filtering didcs. The soUds faU to the bottom of 
the fitter housing, v^here they can bo removed 
throu^ the disin plug hole* A ball relief valve in 
the filter cover enables Ihe fuel oil to bypass the 



filter ilement if the diiks become clogged, A 
dieiil fuel oil Hlter usually has an air vent for 
releasing any air wWch might accumulate in the 
filter. 

Fabric Filter 

Fabric fllteri, because of their greater 
filtering qualities, are used princlpaUy as main 
filters for protacting the fiiel injectioii pump. 
Most fuel systems now use mlcroporoiis paper 
fuel filters (fig. 4-36) which are of the 
raplaceable cartridge type, 

FUEL SUPPLY PUMP 

Fuel injection pumps must be supplied with 
fuel oil under pressure because they have 
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insufficient suction ability, AJI diesel injeytion 
systems require a supply pump to transfer fuel 
from the supply tank, through the filters and 
linei to the injection pumps. Two types of 
supply pumps used on diesel engines today are 
the gear type and the vane type. 

Gear Pump 

The simple GEAR PUMP (fig. 4-37) has two 
spur gears which mesh together; one is the 
driving gear, the other the driven gear 
Clearajices between the gear faces and casing are 
only a few thousandthi of an inch. When the 
gears turn, liquid in the spaces between the 
unmeshed teethe at the suction side of the pump, 
is carried by the teeth towards the ildes. Then 
the liquid is trapped between the tooth pockets 
and the casing, and ^mad through to the 
discharge side of the pump. The liquid entering 
the discharge side cannot return to the suction 
side because the jneshing teeth at the center 
force the liquid out o f the tooth pockets. 

Vatia Pump 

In the VAKE-TYPE PUMP (fig. «8 and 
4»39) a steel rotor and shaft , one end iupported 
in the pump cover, revolve in the body, the bore 
of which is eccentriG to the rotor. Two sHding 
vanes are placed 180 degrees apart in dots in the 
rotor, and are pressed against the body bore by 
springs in the slots. When the shaft is rotated, 
the vanes pick up fuel at the inlet port and carry 
it around the body to the outlet side, where the 
fuel is diicharged. Pressure is produced by the 
wedging action of the fuel as it is forced toward 
the outlet port by the vane. A spring-loaded 
relief vah^e is presided in the cover of the pump, 
connecting the Inlet and outlet ports. This valve 
opens at a pressure of approKimately 55 psi. Its 
purpose is to relieve excessive pump pressure 
which will build up if fuel lines or filters become 
cloiged. When the valva opens, fuel passes from 
the discharge lide Cprcssure side) to the suction 
side of the pump 

The refnaining task to be accomplished by 
the fuel system is to provide the proper quantity 
of fuel to the engine's cylinders. This is done 
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differently by each manufacturer and is referred 
to as FUEL IMJECTION. 

FUEL 

EJECTION 

Diesel fuel Injection systems must 
accomplish flve particular functions: Meter, 
inject, timej atomlEe, and create pressure. A 
description of these functions follows: 

L METER -Accurately measure the 
amount of fuel to be Iruected. 

2. INJECT— Force and distribute the fuel 
into the combustion chamber, 

3. TIME--Injection of the fuel must start 
and stop at the proper time, 

4. ATOMIZE--Break the fuel up into fine 
particles. 

5. CREATE PRESSURE^Create the 
necessary high pressure for injection. 

You can remember these functioni by the 
initials, MITAC, AH five of these functions are 
necessary for complete and efficient 
combustion. 

10 1 
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Figure 4-38.^ijtiway yfew of vana^^pe f utl pump. 



Meteting 

Accurata mitering or Tneasuring of the fuel 
means that, for the same fuel control setting, the 
sama qugntity of fuel must bi dgUvirtd to tach 
cyKndar for each power stroke of the engine. 
Only in this way cmn tha angina operate at 
mniform $pmd with a uniform power output. 
Smooth engine operation and an even 
distribution of the load between the cylinders 
depend upon the same volume of the fuel being 
adtnitted to a particulw cylinder each time It 



fires; and upon equal volumes of fuel being 
delivered to all cylinders of the ensne* 

Injection Control 

A fuel system must also control the rate of 
injection. The rate at which fuel is injected 
determines the rate of combustion. The rate of 
iniection at the start should be low enou^ that 
excessive fuel does not accumulate in the 
cylinder during the Initial ipiition delay (before 
combustion begins). Injection should pno^ed at 
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Figure 4^39,— Vanis ind rolor In hoyiing ef a vand-typd 
fuel puiTip, 

such a rate that the riia in combuition prassure 
is not too great, yet the rate of injiction mitft bs 
juch that fuel is introduced as rapidly as possible 
in order to obtain eoinplate combustion. An 
incorrect rate of injection affects enpne 
operation In the same way as impropar timing. 
When the rate of iiiJection is too high, the reiults 
are similar to thosa caused by a too early 
iiyection; when the rate is too low^ the results 
are similar to those caused by a too late 
iiUaction. 

nming 

In addition to measuring the amount of fuel 
injected^ the systern must properly time 
injection to insure efficient combuition so thit 
maximum energy can be obtained from the fueL 
When the fuel is Injected too early in the cycles 
ignition may be delayed because the 
temperature of the air at this point is not high 
anough. An excessive delay, on the other hand* 
gives rougSi and noisy operation of the enpna, 
and also permits soma fuel to be lost due to the 
wetting of the cylinder walls and piston head. 



This, in turni resiilts in poor fuel economy, high 
exhaust gas tempsrature, and smoke in the 
exhaust. When fuel Is injected too late in the 
cycle, all the fuel will not be burned until the 
piston has traveled well past top center. When 
this happens, the engine does not develop its 
maximum power, the exhaust Is smoky, and the 
fuel coniumption is high. 

Atomization of Fuel 

As used in CDnnection with fuel injectioni 
atomization means the breaking up of the fuelj 
as it enters the cylinder, into imall particles 
which fomi a rnistllke spray, Atomization of 
the fuel must meet the requifements of the type 
of combustion chainber in use. Some chambers 
require very fine atomization; others function 
with coarser atomization. (Bewuse of the design 
of the multifuel hypercycle chambt^'", discussed 
earlier in this chapter, atoniization is 
accomplished differently in chambers so 
deslpiedO Pfoper atomization inakes it easier to 
start the burning procesSi and insures that each 
minute particle of fuel is iun-ounded by particles 
of oxygen with whieh it can combine. 

Atomization is generally obtained when the 
liquid fuelj under high pressure, passes through 
the imall opening (or openings), in the injector 
or nozzle. As the fuel enters the combustion 
space, high velocity is developed because the 
pressure in the cylinder is lower than the fuel 
pressure, The created friction, resulting from the 
fuel pasiing through the air at high velocity, 
causes the fuel to break up into small particles. 

Creating Pressure 

A fuel injection system must Increase the 
pressure of the fuel enou^ to overcome 
compression pressures md to insure proper 
disperrion of the fuel injected into the 
combustion space. Proper dispersion is essential 
if the fuel is to mix thoroughJy with the air and 
burn efficiently. While pressure is a chief 
contributing factor, the dispersion of the fuel is 
influenced J in part, by atomization and 
penetration of the fueU (Penetration is the 
distance through wluch the fuel particles are 
^med by the motion ipven them as they leave 
the injector or nozEleO 



103 



CONSTRUCTION MECHANIC 3 & 2 



If the atomization process reduces tlie size 
of the fuel particles too much they will lack 
penetration. Too little penetration risulti In the 
small particles of fuel igniting before they have 
been properly distributed, or dispersed in the 
combustion space, Since penetration and 
atomization tend to oppoie each other, a 
compromise In the depee of each Is necessary in 
the desipi of fuel injection equipment, 
particularly if uniform distribution of fuel 
within the combustion chamber is to be 
obtained. 



METHODS OF FUEL 
INJECTION 

Basically, there are four methods lised in 
today's diesel engines to accompliih the 
injection of fuel into the cylinders of the mpne. 
These methods are: pump and n02zle, unit 
injection, distributor, and the pressure time (FT) 
system. Some enpne manufactureK make and 
install their own fuel injection equipment. Others 
rely on manufacturers who spedaliEe in fuel 
injection equipment and who design or modify 
their product to meet the requirements of the 
engine manufacturer. 

CATERPILLAR 
FUEL INJECTION 

The CATERPILLAR diesel engine uses the 
pump and nozzle injection system (fig. 4-40)* 
Each pump measures the amount of fuel to be 
injected into the particular cylinder^ produces 
the pressure for injection of the fuel, and times 
the exact point of injection. TTie injection purnp 
plunger is lifted by cam action and returned by 
spring action. The metering of fuel is varied by 
the plungers turning in the barrels, rheia 
plungei^ are turned by governor action through 
a rack which m^has with the gear segniMts on 
the bottom of the pump plungers* Each punip is 
interchangeable with other injection pumps 
mounted on the pump houdng, 

TTie ca^ule-type nozzle is widely used In 
C^teipillaf di^al en^es* (See fig. 4^41.) TOe 
capsule-type nozzle is a sealed unit; therefore, it 



must be replaced when worn or damaged, 
although the tip Dpening may be cleaned with a 
special tool if clogged or dirty from carbon 
deposits. 

TTie fuel is drawn from the tank by a 
gear-type tranifer pump which delivers the fuel 
through filters into the fuel manifold in the fuel 
injection housing; from the fuel manifold, the 
fuel is supplied by separate passages to the 
individual fuel injection pump. The fuel 
injection pumps deliver the proper amount of 
fuel through the fuel lines to the individual fuel 
iryection valves at the proper time. From the 
injection valvas the fuel enters the 
precombustion chambers. Ignition starts to take 
place in the precombustion chambers. 

Removal of 
Injection Valves 

Wien there is a requirement for removal of 
injection valves from the engine, clean all dust 
and dirt from the injectors and adjacent area to 
prevent dirt from entering the fuel system. 
Disconnect the fuel line and Install a cap to 
prevent dirt and dust from entering the line. The 
valve and body can be lifted out after removing 
the retaining nut. The capsule is only finger tight 
on the body and is easily replaceable. When 
reinstalling the capsule, tighten the retaining nut 
to the manufacturer-s specifications. A nut that 
is too loose, win allow leaks; one that is too 
tight will damage the capsule and cause poor 
injection. 

Servicing Injection Pum^ 

Caterpillar injection pumps are 
interchangeable between cylinders on a 
particular en©ne and also between enpnes 
having the same bore, no matter whether the 
engines have four or dx cylinders. Howeverp 
each fuel injection pump ^sambly is machined 
and lapped to such exact clearances between the 
plunger and banel that they must be used, 
removed J and replaced as a unit. 

In removing fuel i^ection pumps, take every 
pre^ution to preyent dirt from entering the 
pump or pump housing. Before discormectlng 
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li Injection pump. 

2. Injection valve. 

4. Lower vent, 

5. Upper chamber* 

6. Upper vent, 

7. BypMB vilve* 



8. Housing, 

9. Tank. 
10. Gage* 
Ih Hpuaing; 

12. Tranifer punip, 

13. Lower Ghamber* 



ft 4^.-Caterpinir fuel ivitim. 
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any fuel Imes or rimoving the inipection plate 
on th^ pump assembly houaing, clean the top 
and siSis of the houang thoroughly. 

BtiH with the end pump of eich bank when 
you arii ready to reniove them. With 4-cy Under 
engmej thira is only one bank of pumpSi but 
with S-cylinder engines the pumps are arranged 
in two. banks of threa each. The end pumps can 
be removed Mthout disturbing the others. The 
center pump, for example two or five in a 



S-cyUndcr arrangement, can be removad more 
easily if the pump next to it has been removed. 

Aftar disconnecting the fuel lines from the 
pumpi, cover the openings immrflately with the 
caps and plup provided in the trolklt for this 
purpoia, Then, after rariioving ttie coupling, 
retainlni plates, and rackj take out the 
capscrews that hold the fuel injection pump 
clarnpi* Make sure the cap on the fuel outlet on 
top of the pump is in place while the pump is 
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Figure 4-41.^Cip^i#'type fuil injection valvt a^mbly« 

disconnected from the engine. Remove the 
clamps that hold the fuel Injection pumps to the 
housing* Now, the pumps can be lifted from the 
housing. 

Lift out the pumps individually (see fig, 
4-42), At first, lift them straight up only enough 
to clear the dowel pins. Then reach through the 
inspection opening and hold the pump plunger 
to keep it from sliding out of the barrel. To 
remove the pump entirely, it will be necessary to 
shift the pump sUghtly to one side to free the 
plunger from the slot in the lifter yoke. 

When installing a fuel Injection pump, again 
be careftil that the pump plunger does not sUde 
out of the barreL Slide the end of the plunger 
into the slot on the lifter; lower the pump on 
the dowel pins and fasten in place. 



If the pump plunger should fall out, wash it 
thoroughly with clean dlesel fuel and then 
replace it in the pump barreh As a check against 
accidental nicks and scratchei that will shorten 
the life of the pump, rotate the plunger gear 
segment to make sure that the plunger turns 
freely and does not bind. 

To synchronize punip operation, turn the 
gears on the pump plungers until the marked 
tooth of each gear faces outward toward the 
pump rack» Replace the pump so that the 
marked teeth of the plunger gears engage with 
the marked rack teeth, 

After sliding the rack into position, pull it 
out again to see that the marks are correctly 
alined, Then fasten the racks with the retaining 
plates; install the coupling (fork) between the 
rack and the fuel pump slide bar; replace the 
Inspection cover; and connect the fuel lines. 

Before starting the engine^ bleed the fuel 
system to remove all air trapped in the fuel lines. 

Governor Operation 
and Adjustments 

The Caterpillar governors Uke most 
governors used on dieselSj is of the flyweight 
type (mechanical) and acts throughout the 
entire speed range of the engine. Once the 
desired speed is set by the . position of the 
throttle, the governor acts automatically to 
maintain a relatively constant operating speed if 
the load changes. TTiat is, ali mechanical 
governors show a sUght engine speed drop when 
a heavy load is first apphedj and the enpne will 
overspeed momentarily when the load is 
reduced. The throttle, connected to the 
govemor by a suitable Unkage^ is merely -a 
controlling de\dce which adjusts the speed at 
which it then holds the engine. 

TTie installation will v^y with different 
engine models. On most Caterpillar tractor, 
however, the governors are vertically mounted 
and driven by the camshaft gear in the accessory 
housing at the front end of the injection pump 
housing. The throttle control is located where it 
is convenient for the operator. Figure 443 
illustrates the working parts of a Cateipillar 
govemor, 
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f ^^W 4-4a^R®iflowna Of replacing fuil Injegtlan pump m a &gylindflr Catfirpiliir diwL 
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in OPP.^^ION, the govenior shaft is drivan 
- %^ efiP^^ ^^otssojy drive gear. As the mm& 
??^fls u?* flywiights (governor wilghts) 
•^i^ i0 tJi^ fovernor shaft swing out by 
^^*^*Hiftig^^ This action is opposid by the 

8^ );^or ^Pri^^. The forces of the flyweights 
eovef^^r ^Pon the sUda bar to 

^*^iate t^^ ^f^ed of the enpne in accordance 
^l^' tt^ placed on the springs by the 

^^ftof ^}^^ *Mrottte. As the flyweights change 
■^^ posl**^^ ^ith varying en^e speedi, this 
^^^^^t ^%smitt^d through the sUde bar 
K^'^jiiy^^'^^ pump control rack. The control 
^f^K in rotates each pump plunger 

^[f\^ltane^^^*5^^o regulate the fuel delivered at 
JlJ^ %rty ^^ly^X Thus, the operator changes 
■ '»tiitj^,^\the throttle, the tension of the 
^^^fnor §P^^6% changed, and the governor wiU 
in t*^^ ^^jine sp^ed caUed for by that 

i^^^S* « lubricated by oil from the 
^**i^^i1ii^*i^^f system. At points where 
"^^^^ m luW^%n is necessary, such as bearinp 



and buslunp, oil is fwnished under pressure 
through drilled passages in the housing or 
through tubes* Other parts of the governor are 
lubricated by the oil splash throwi off by the 
rotating parts. 

Major adjustments are generally necessary 
only at the time the governor is completely 
disassembled. Inspected, and repaired in the 
shop, TTiis should be done by men who 
thorougWy understand the govamor operation. 
However, it wlU sonietinies be necessary to make 
Idling md W^-ldle speed adjustnients in the 
fleld, The» adjuitmenti can be made by 
remowng the cover froni the top of the governor 
(fig. 4-44) and tuming the adjusting screws. The 
holes in the cover are seirated to act as retainers 
to prevent the smws from tumiiig after the 
adjustment is made. 

To make a low^idle speed idjustment, put 
the en^e speed control lever in the low-idle 
poiition. Turn the low-idle SCTew clockwise to 
decreai^ the speed or coimterclockwl^ to 
increasa the speed, Th9 engine ipm cm be 
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SLiOl BAR 




Figure 4'43p^Cross siction of a Caterpiljar governor* 



2MX 




Figurs 4^.— QowAmor adjufftmenti* 
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checked with a tachometer at the drive 
connection on the hour meter. 

In checking engine ipeed at the hour meter, 
remember that the tachometer drive shaft turns 
only at one-half enpne speed. If, for example, a 
450 rpm idling speed is desired, you should read 
225 rpm on the hand tachometer. 

In ADJUSTING THE HIGH-IDLE SPEED at 
the governor, see that the engine speed control 
lever is pulled all the way back when you check 
the en^ne speed. TTie adjustment should be as 
close as possible to the manufacturar's 
recommend at ioni* For example, if the 
recomniended high-idle speed Is pven as 1550 
rpm , and you read 1280 rpm (640 tpm x 2) at 
the tachometer drtve connection, the en^e is 
running too slowly to develop its rated j^war 
with a full load. In this case, turn the hi^-ldle 
speed adjusting screw couhterclockwise to 
increase the speed. 
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If the engine runs too fmt^ turn the ^ame 
screw clockwise to riduce the speed, Make only 
sniall comctions at a time. After each 
adjustniant, cloie and open the tlirottle and 
rechick the speed, A recommended maximum 
speed of 1550 rpm will result in approxiinately a 
fulHoad speed of 1400 rpm when the normal 
speed drop is considered. A full-load speed of 
100 rpm less than recommended maxlmurn 
without a load is good Insurance against possible 
damage from ovarspeeding the engine. 

If it is necessary to adjust fulHoad speed 
mor^ accurately, special governor setting 
fixtures are needed. With themj the maximum 
fulWoad spaed can be adjusted without actually 



loading the engine. If these govgmor setting 
fixtures are availablis m^e lure you know how 
to use them, and follow the manufacturer's 
manual concerning the installation and use of 
the rixtures. 

Sleeve Metering 
Fuel Pump 

The injection pump used on small bore 
Caterpillar engines is referred to as a SLEEVE 
METERING fuel pump because of the method 
used to control the amount of fuel injected into 
the cylinders. The pump assenibly (fig. 4-45) 
contains the fuel transfer pumps governor^ and 
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JLEEVE CONTROL LEVER 
SLEEVE CONTROL SHAFT 
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SOVERNOR SPRING 



GOVERNOR CONTROL LEVER 



Figyrt ^4i.-SlM\fe metenng fuel pump aifembly. 
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high pressure pump units in one housing. The 
f ntirs fuel pump assambly Is lubriMted by diesel 
fuel and pressurized by the fuel transfer pump. 

Rather than rotate the plunieii to control 
the amount of fuel to be injected, like moit 
pump and nozzle injection lytteinSj the use of a 
sliding sleeve is incorporated with the plunger. 
The sleeve blocks a spiU port, wliich is drilled 
into the plunger, ^nie amount of plunger travel 
mih its port blocked determines thg amount of 
fuel to be injegt^d 

Whenever the fill port is below the bottom 
edge of the barral, fuel under pre^ure from the 
housing is forced into the plunger, keeping a 
maximuni supply of fuel available for injection 
when needed by the engine. 

As the cam lobe raises the plunger (fig. 
4-46), the fin port and spiU port are blocked. 
When this occurs, the continued upward motion 
of the plunger presiurizes the trapped fuel and 
injection bepns. Injection stops when the spill 
port, in the plunger, rises above the sleeve 
releasing the pressure within the plunger and 
barreL The design of this pump allows maximum 
fuel when starting regardless of the throttle 
setting. The governor assumes control at idle 
speed, approximately 500 rpm, and controls the 
amount of fuel injected at all engine operating 
speeds. The only adjustment needed with this 
unit is the initial setting of the high and low idle 
speeds* The high pressure pumps are 
interchangeable for all engine models, with the 
plunger, barrel, and sleeve being replaced as a 
unit. 

INTERNATIONAL HARVESTER 
FUEL mJECnON SYSTEMS 

Internauunal Harv^ter engnes that you 
may encounter have two types of fuel j^ectlon 
systems. The smaller en^nes use the Roosa 
Master fuel injection pump while the I^er 817 
series enpnes are equipp^ with a variation of 
the pump and nozzle system* 

Roosa Waster Fuel 
Injection Pump 

The Roosa Master fuel injection pump 
commonJy encQUntartd is the opposed plunger, 
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Figufi 4^6,— Injection pump operating cycle. 



inlet meterings twin cylinder (DC), distributor 
type pump. The main components are the drive 
shaft, distributor rotors transfer pump, pumping 
pliingers, internal cam ring, hydraulic head, end 
plate, governor and the pump housing with an 
integral advance mechanism. Early advance 
mechanisms were attached to the pump housing 
and could be removed from the housing as a unit 
for servicing- 

The rotating members which revolve on a* 
common axiSj include the drive shaft, distributor 
rotor and transfer pump. 

In the DC pump (fig. 447) the driving 
mamber is the drive shaft (22) that rotates inside 
a pilot tube pressed into the housing. The splinas 
at the rear end of the shaft engage the Intamal 
splines in the front of the rotor (12) and turn 
the rotor with the shaft. A lip type seal prevents 
the entrance of engine oil into the pump and 
another retains the fuel used for pump 
lubricatipn. The governor weight retaLner (1 9) is 
supported on the forward end of the rotor (12) 
that is externally splined. 

Tile rotor contains the four puinping 
plungers (18)* two in each of the two pumpng 
cylinders. Slots in the rear end of the rotor 
provide a place for the two spring-loaded 
transfer pump blades (fig. 448). TOese bladei 
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1. 


Idle adjusting icreWp 


14. 


Ball check. 


2. 


Throttie ihMt Itver, 


15. 


Cam advance pin. 


3. 


Shut-off arm. 


16, 


Advance mechanistti. 


4. 


Stop cam. 


17. 


Cam ring. 


5. 


Metering valve. 


18, 


Plungers. 


e; 


Guide stud. 


19, 


Governor weight retainer 


7. 


Hydraulic head. 


20, 


Le^ iprlng. 


8, 


Futl inlet. 


21. 


Sleeve, 


9, 


Pressure regulating 


22. 


Drive ihaft. 




valve assembly. 


23* 


Governor weight. 


10. 


End plate. 


24, 


Governor arm. 


11. 


Delivery valve stop. 


25. 


Governor spring. 


12. 


Rotor, 


26, 


Linkage hook* 


13. 


Connector screw. 
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Figiire 4-47,-^uttvny via wol Roots Mtfttrfue! injaetion pump (model DC). 
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FIgufs 4-4g.-Pump rotating partt tniedel DO), 81*351 

drive end of the distributor rotor. The action of 
the weights in thaJr retainer is transmitted 
through a sleeve to the governor am, and 
through m linkage to the metering valve. The 
gqvamid engine speed is the speed at which the 




turn mside a punnp liner and develop the 
necessary pressiire to charge the pumping 
cyiindais. 

The mechanical flyweight variable speed 
type GOVERNOR (fig. 4-49) is mounted on the 
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force of the govarnor springs ii balariccd on the 
governor arin pivot shaft. The pressure of the 
sprinp on the governor arin can be varied with 
the throttle shaft lever, thus providing variable 
govanied engine speed, The idling ipring 
providei ^msitive goverhor action at low enpne 
speeds. A governor linkage hook, conriected to 
the meteririg vaive. is actuated by the governor 
ann* 

The drive end of the model DC rotor has 
two bores containing two plungers each. (The 
plungers ar^ actuated in the same manner as for 
the model DB rotor J 

In the DC ROTORj the shoe, which provides 
a large bearing surface for the roller, is carried in 
guide slots in the distributor rotor. The rotor 
shaft rotates \%nth a very close fit in the 
hydraulic head. A passagi through the center of 
the rotor shaft connects the pumping cylinder 
with one chargng port and one discharge port. 
The hydraulic head in which the rotor shaft 
turns has six charging ports and six discharge 
ports, 

A positive displacenient, vane type fuel 
TRANSFER PUMP is mounted at the end of the 
rotor shaft. Fuel pressure developed by the fuel 
transfer pimp is controlled by a preisu^^e 
regulator valve in the pump end plate, A passage 
at the top of the transfer pump facilitates 
renioval of air introduced in the system. This 
passage connects with the pump housing 
through the fuel return line to the supply tank. 

Fuel is drawn from the final filter into the 
pump through the Inlet strainer (4, fig. 4-50) by 
th^ vane type fuel transfer pump, TTie fuel 
transfer pump capacity greatly exceeds the fuel 
required for injection; therefore, a large 
percentage of the fuel froni the pump is 
bypassed thjough the pressure regulating valve 
to the inlet side of the pump. The quanity of 
fuel bypassed increases as the pump speed 
increases. The bypass pressure also increases 
with speed. 

Fuel riot bypa^ed by the regulating valve 
passes through a hydraulic head passage to the 
metariiig vahe. Fuel is metered by the metering 
valve in a quantity detennined by enpne 
deinand. 




1* TraJisfer pump blade, 

2, Transfer pump liner* 

3, End plate ad|uitinff 
Slug. 



4, Met atrainer, 
5^ Reflating spring* 

6. Regulating piston* 

7, End plate plug, 

S13S3 



Piguri 4^60.-Transfer purnp (moddl DC). 

As Jhe rotor revolvii^ its charging port 
registers with one of six chargiiig ports in the 
head* This rotor charging port connects 
perfectly to the pumping cylinder and axial 
passage of the rotor. 

M the fuel enters the pumping cylindefj the 
plungers are forced outward j a distance 
proportionate to the quantity of fuel to be 
iiyected. The quantity of fuel entering the 
pumping cylinder is controlled by the fuel 
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pressure at the chafgbg ports, time available for 
charging, and totaJ plunger displacement 
aviilable as limited by the leaf spring. 

Fuel preiiure at the ch^ging ports Is 
contfollad by the inetwing valve and by the 
transfer pump pressure which varies with engine 
speed. Tha time avaUable for chajiijig is the 
length of time the chariiiig port in the hydraulic 
head remains in r^^stcr with the charing port 
of the rotor. The Iciiith of time the charging 
port rennains in repiter depends entlraly on 
enpne speed. The maximum amount of fuel 
which can be ii^ected is limited by maxinium 
outward travel of the plungeis. TTiis maxirnum 
plunger travel is limiti^ by the roller shoes 
Mntacting theadjustaWe leaf spring stop. At the 
time vv^hen the charpng ports are in repiter, the 
rollers are between the cam labes (fig. ^51); 
therefore^ their outward movement is 
unrestricted during the cfiar^ng cycle except as 
limited by the leaf iprini. 

The fuel is trapped in the cylinder for a very 
sli^t intanral of time after charging is complete. 
This is caused by tht fact that the charging port 
of the rotor has pa^ed out of register with a 
charing port and the head and the rotor 
discharge port has not yet come into register 
with an outlet port of the hydraulic head, 



Further rotation of tM rotor brinp its 
discharge port into register with an outlet 
paisage in the hydraulic head, at which time the 
rollaR simultaneously contact the opposing carri 
lobes. The cam lobes force the plungers toward 
each other, diicharging the fuel from the 
cylinder through tlie outlet port into the cutlet 
paiMge in thi hydraulic head and the fuel 
injection line connected to this pasiage (fig. 
4-52), The cam is relieved to allow a iLiiht 
outward movement of the roller before the 
diicharge port is closed off. This action drops 
the praiiuure In the infjection line enough to @ve 
sharp cutoff injection and prevent riozzie 
dribbling, 

A displacement type DELIVERY VALVE 
(fig. 4-52) is located in the drive paisage of the 
rotor between the chargiiig port and .the 
dlichai^e port of ths rotor. It remains closed 
during charging and opens under high pres^ura as 
the plungers are forced together. Its purpose is 
to aid, by Injeotioh line pressure reUaf, the cam 
'*retractIon'* previously described. Two small 
giQOves are located on either side of the oharpng 
port of the rotor near its nanga end, Thesa 
groovis cany off fuel froni the hydraulic head 
charging ports to the housing. This flow of fuel 
lubricates the cain, rollers, governor parts, etc. 
The fuel flowi tlirough the entire pump housing. 
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absorbs heati and is allowed to return to the 
supply tank thfougli a fuel return line connected 
to the pump houiing cover, thus providing tor 
pump cooling. 

The END PLATE functions to pfovide 
passages for fuel and to cover and abiorb fnd 
thrust of the trarijfer pump; to house the 
pressure regulator vaJve; and to house the 
priming bypass spring which pennits fuel to 
bypass the transfer pump during hand priming. 

Figures 4-53, 4-54, and 4-55 show the 
regulating piston in three portions: at reitj 
during hand primings and in operation, Figure 
4-53 shows the piston Qovering the hand priming 
port (A) and resting against the priming by pats 
spring, During hand priming^ the pressure 
differential across the transfer pump, caused by 
the hand primer, forces the piston dov^n, 
compressing the spring untH toe priming port 
(A, fig. 4-S4) is uncovered. Fuel bypassei the 
stationary transfer pump to fUl the system. 

When the piston is in the pressure regulating 
position^ fuel forces the piston up the sleeve 
uritil the regulating port or ports (B, fig. 4-55) 
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Figure 4^i4.^Rigulating piitoftj during hind priming. 
FUEL 




FUEL OUTLET 

FIfun ^^SS^—R^gylating pifton^ in pmturi rtgulsting 
ppfitlon. 

are uncovered* Since the pressure on the piston 
ii opposed by the r&|ylating sprtag the deliver 
pre^itfe of the transfer pump is controUed by 
the spring ratej size, and number of ragiidatlng 
ports. 
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The torque delivered by an engine increases 
progressively with a decrgaiing rpm caused by an 
overbad. The torque continues to in/crease until 
it peaches its peak at a certain pridetennined 
engine speed. This deilrable engine feature is 
called TORQUE BACKUP. The torque backup, 
when the engine is overloaded, is caused 
priinarily by the following tJifee factors: 

1. More time is avaltoble forcofubustion of 
fucL 

2. Volumetric efficiency increases as en^ne 
spaed decreases. 

3. Engine friction losses '(and accessoiv 
loads) decrease with engine speed. 

Since volumetric effideney Increases with 
decreasing engine speed, more fuel can be 
injected and burned at the reduced engine speed, 
thus increasing the torque outpuit. 

In order. to fully explain how torque control 
is accomplished when the pump is properly 
adjusted, it is necessary to use an example, 
starting with a condition where the engine is 
operating at hi^ idle speed and then 
progressively load the engine untU engine rpm 
drops to peak torque speed. 

When the engine is operating at high idle 
speed, no load, the quantity of fuel delivered is 
controUed by governor action on the metering 
valve. Torque screw and leaf spring adjustnient 
have no effect under this condition, 

load is progressively applied, the governor 
action on the metering valve continues to 
contrci the quantity of fuel deHveied until 
engine tpm drops to rated load speed. At this 
point, the govamDr has opened the metering 
valve enough to bri/ng an arrn on the valve into 
contact with the torque screw wluch prevents 
further opening of the metering valve. The 
maxiiTium amount of fuel wWch can be lityected 
at rated load speed is controlled by the torque 
screw; leaf spring adjustment has no effect. 

As overload is progresawly applied to the 
engine, the governor Dontinues to hold the 
meteiijig valve arm in contact with the torque 
screw; therefore, the metering mlve does not 
move during overload operation, Ho«ver, fuel 
delivery increases as the engine speed drops, due 



to the fact that the charpng ports remain in 
register for a greater length of time because of 
slower engine speeds. This allows more time for 
the charge of fuel to pass through the metering 
valve which is stationary, thus charpng the 
cylinder with a larger quantity of fuel 

As the engine speed continues to drop and 
reaches a speed at which maximum torque is 
developed, the charge of fuel becomes great 
enough to force the plungers outward far 
enough during each charging cycle to bring the 
roller shoes into contact with the leaf spring. 
This prevents further outward movement of the 
plungers and therefore limits the maximum 
amount of fuel which can be Injected, From this 
it can be seen that the maximum amount of fuel 
which can be injected during overioad operation 
below peak torque is controlled by the leaf 
spring adjustment. 

In the DC pump, the speed advance 
mechanism provides controlled movement of the 
cam in the pump housing to advance injection at 
high speeds. The rising fuel pressure from the 
transfer pump Increases flow to the power side 
of the advance piston (fig. 4-56), This flow from 
the transfer pump pa^es through a cut on the 
metering valve, through a passage in the 
hydraulic head, and then by the check valve in 
the drilled bottom head locking screw. The 
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Figure 4^i6,^Puit flow in npmd advanee operatian. 
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check valve provides a hydraulic lock, preventing 
thm cam from retarding duiing injection* Fuel is 
directed by a passage in the advance homing end 
plug to the pressure side of the advance piaton. 
The piston moves the cam counterclock-wise 
(opposite to the direction of pump rotation). 
The ipring-loaded side of the piston balances the 
force of the power side of the piston and limits 
the maximum movement of the cam. Therefore, 
with increasing speed, the cam is advanced and, 
with decreasing speed, it is retarded. 

Fuel InjectpF- 
817 Series 

The Internatiorial 817 series en^nes use a 
"C'-type fuel injection pump that meteis fuel to 
the injectors (fig. 4-57) in quantities 
proportional to load dentands* This en^ne uses 
an open-type combustion chamber with a 
nioderate swirling air motion. TTie function of 
the injector is to break up the fuel charge from 
the metering pump into finely atomiied 
particles and to mix them with the available air. 

The higii pressure needed for good 
atomization and dispersion of the fuel is 
obtained mechanically froni the downstroke of 
the cam-actuated plunger. This action confines 
the fuel into the smaU space below the plunger, 
wthin the bushing and injector tip. Here the 
fuel charge Is then broken up and distributed to 
the combuition air as it passes through the 



multiorifice injectDr tip, Pressure is maintained 
through the entire do^vnitroke of the plunger 
and ei sharp cutoff of the spray is obtained when 
the pluiiger bottoms in the injector tip at the 
end of the stroke. This completes the cycle and 
another injection cycle starts with the anpne 
Intake stroke, when the plunger begins its 
"spring returned'- upstroke, drawijig clean air 
into the injector tip through the orifice holes. 
The fuel port in the bushing begins to uncover as 
the engine starts th\e compression stroke and 
shortly afterwards the metering pump begins to 
deliver the metered fuel to the injector. 

The metered fuel passes through the Inlet 
screen^ the check valve, and the port in the 
bushing; then it mixes with the air in the 
injector tip. As the enpne approaches top dead 
center of the comprission stroke, the cam dfives 
the plunger rapidly down to inject the trapped 
charge of fuel and air below the plunger into the 
combustion chamber* The fuel port in the 
bushing is closed off early in the downstroke, 
protecting the check valve and fuel passage from 
the hi^ injection pressure. 



The injector plunger reinaini 
bottomed during the power stroke and exhaust 
stroke of the engijie, preventing backflow of 
combustion products into the injector. This 
injector has a variable beginning and a constant 
ending of injection due to the volume of the fuel 
supplied at different spied ranges, thereby 
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varying the distance the plunger must travel 
before Qontacting the fueh 

CENERAL MOTORS UNIT INJECTION 

The General Motori diesel uses the unit 
injection system, combining the pump and the 



nozzle in one housing. There is one unit injector 
per cylinder. (See fig. 4'S8.) 

The fuel flrst passei througli a primary filter 
located between the fuel tank and the transfer 
pump, which may be of either the gear or the 
vane type. On thi discharge side of this pump is 




Figyirt 4^e&--Diagram &f typj^l 3«niraj Motoa dlMil fu^ fytteni. 
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a secondary filter with a drain cock at the 
bottom of the housing for removing water and 
dirt separated from the fuel. From the Alter the 
fuel passes to the fuel manifoldi. The LOWER 
MANIFOLD Is the INLET, from which the fuel 
flows into the injector. 

Each injector is fitted into a water-cooled 
copper tube in the cylinder head and is held In 
place by an injector clamp. It Is operated by a 
push rod and rocker arm. As the rocker arm 
forces the plunger down, the upper heUx closes 
the upper port, and fuel injection bepns. The 
upper helix and a lower helix are machined into 
the lower end of the plunger for metering 
purposes. The relation of these helices to the 
ports changes with the rotation of the plunger* 
As the plunger moves downward, a portion of 
the fuel oil trapped in the bushing under the 
plunger is displaced through the lower port back 
into the supply chamber, until the port is closed 
off by the lower end of the plunger. A portion 
of the fuel still trapped under the plunger is then 
forced upward through the central passage of 
the plunger into the recess between the two 
helices and then into the supply chariiber 
througli the upper port, until the upper helix 
closes that port. With the uppef and lower porti 
closed, the remaining fuel trapped under the 
plunger is subjected to Increased pressure by the 
continued downward movement of the plunger. 
When sufficient pressure is built up, the injector 
valve is lifted off Its seat and the fuel is forced 
through small orifices in the spray tip and 
atomized into the combustion chamber, Tlie 
rotation of the plunger, by moving the rack^ 
changes the position of the helices and retards or 
advances the closing of the ports and the 
beginning and ending of the injection period. 
Fuel Injection ends when the lower heUx opens 
the lower port. The remaining fuel then 
proceeds through the UPPER MANIFOLD, or 
OUTLET, back into the tank. 

In^ctor Timing 

Whenever an injector has been removed and 
reinstalled, or a new ii^ector has been installed 
in an engine, the injector must be timed and the 
injector control rack portioned. 



In tiniing Injectore on General Motors series 
71 diesel engines, use the proper timing gage 

To properly time an injector, adjust the 
injector follower to a definite height in relation 
to the injector body. (Sea fig. 4-600 This will 
vary according to the size of the injector being 
used. Check the manufacturer's manual to 
detennine the proper gage to use. 

Place the engine speed control lever to the 
shutoff position and rotate the crankshaft in the 
direction of engine rotation until the exhaust 
valves are fully depressed on the particular 
cylinder to be timed. Place the imall end of the 
injector timing gage in the hole provided in the 
top of the injector body. Loosen the push rod 
locknut, turn the push rod and adjust the 
injector racker arm until the extended part or 
shouldir of the pge will just pass over the top 
of the injector follower, Hold the push rod and 
tighten the locknut. Check adjustment after 
tightening the locknut and readjust as necassan^. 
By following the sequence of the engine firing 
order, you can time the injectors in one 
revolutioii of the crankshaft. 

Equaliiiiig Injectors 

Equalizing injectors means to adjust the 
injector racks so that aU injectors in an enpne 




81.364 

Figure 4^69*-^11ming mt. 
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inject the same amount of fuel at any given 
ingine speed. TIUs is dona by adjusting the inner 
and outer adjusting screw on the rack control 
lever. (See fig. 4-61.) This is a rather deUcate 
adjustment to make. 

When «librated injectors are used, the 
manufacturer's method of equalizing racks 
should ba followed, 

It may be necessary to make these 
adjustments several times befojrc the engine runs 
just right. 

Sometimes smoother enffuie operation can 
be obtained by making sUght changes to the 
equalizing adjustmenti after the engina is 
warmed to operating temperatures (above 
140®F). For example, one cyUnder may not be 
carrying its share of the load as indicated by a 
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Flgufi 4^61 ^"-Control rack adjusting S£raw. 



comparatively cooler cylinder. Its control rack* 
there fore j should be adjusted for mora fueL A 
slight knocking noise from another cylinder 
would indicate an adjustment for a slightly 
smaller amount of fueh 

. To Increase the amount of fuel injected* 
loosen the outer adjusting screw and tighten the 
inner screw, thereby moving tha control rack 
inward, . To decrease fuel injection, loosen the 
inner adjusting screw slightly and tighten the 
outer screw wluch moves the control rack 
outward. In making these operating adjustments, 
never turn the adjusting screws more than 
one-fourth turn at a time, for if one injector is 
adjusted too far out of line with the others, it 
win prevent the full travel of the racks and 
reduce the maximum power of tha en^ne. 

Do not attempt to obtain a smooth running 
engine by changing control-rack settings without 
first timing and equalizing injection in the 
recommended manner. 

Governor 

Horsepower requirements for an en^e may 
vary because of fluctuating loads; therefore, 
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^'"^ metH^^ be provided to control the 
amon^j of fi*^' required to hold the engine 
Sp6i^ ^g»iofl%iy constint during load 
^"^*^fttiori*' . accoinplish this control, a 
/TOvei^Qj, .J inl'^quced in the linkage between 
the ftngjjjg ?peea control and the fuel Injectors. 
^ ^he G^^ 71 engines the governor is 

'"""^ted 'Ji* front end of the blower and is 
^^^^"^ by t)i® ^Vhr blower rotor. 

here three tyPes of governors 

comi>\o„iy used 3.^ 4., and S-cylinder GM 
efl^nes. >hey are: 

^ ' UrS^^^^ ^beed rflechanical governor 
^- Va#^'* ^beed mechanical govemor 
3^ HyafauJiC governor 

'^*^Mne5 ''^^^l^ng a minimum and maximum 
spee^ cof»tro\ together with manually 
con^^Ued '"^c^ediate speeds, are equipped 
with LJ^lTlt^Q SPEED MECHANICAL 

^^tines ^^bj^^t to varying load condltioni 
requ% ^ gc^^erii^t^ to maintain a near conitant 
s?®^^'f. A VARIABLE SPEED 
WECH^j^j^AL Governor usually suffices 
for tl\i^ pyfP^s^^ "this tyP^ of governor has an 
enpn^ speg^ ^^^hal lever, which the operator 
can ^^an0 gp^ed manually. 

A ^jvpRAy^jc GOVERNOR is more 
gffecttv^ iftan % machanical govimor in 
'^f^^Nning ^ ^^^i^tant engine speed with a 
miniinuj^ ^peao jfoop under varying load 
^onditi^^^ Th^ ^*^^ieed droop is the difference 
Nt^^n no^J^ad ^^ximum ipeed and full-load 

0^ 71 engines are used for 

m^^y diffaj^^t Purposes, the type of govemor 
rnuf* Qp^^efl \o suit the installation. The 
yariab^ ^^^^d ^^jjanical govemor is the one 
(pomnit^^jy ^jed oh construction equipment. 

Th^ va^^^'^ speed mechanical govemor 
paffOTir^^ ^fee t\,fictions: (1) controls the 

^^^"^ idle (2) Umiti the maximum 



no*Iaad speed, and (3) holds the an^ne at any 
constant $peed between idle and maximuiin as 
desired by the operator. 

Govemor difflcultiei are usually indicated 
by speed variations of the engine; however, it 
does not necessarily mean that all spaed 
variations are caused by the governor. Maka sura 
the speed changes are not the result of excisiive 
load fluctuations. Qieck the engine to be sura 
that aU cylinders are firing properly. Check for 
bind that may exist in the governor operating 
mechanisni or in the linkage betwen tha 
govemor and the injector control tube. After 
you are fairly certain that it is a governor 
malfunction that Is causing the difflcultiei, 
proceed with governor adjustments as outlined 
in the manufacturer's manual for the particular 
installation with which you are working. 

THE CUMMWS PRESSURE 
TIME(PT) FUELSYSTHW 

The PT fuel system is used exclusively on 
the Cumnniini diesei engine found in modem 
equJpinent* 

TTii operation of the Cummini PT fuel 
systeni is based on the basic principle of 
hydrauUcs, that by chan^ng the pressure of a 
Uquad flowing through a pipe, you change the 
amount of liquid coming out of the open end, 
Decreasing the pressure decreases the flow or 
amount of liquid delivered, or vice versa. 

Fuel Pump 

TTie fuel pump is made up of three main 
units' (Da gear pump which draws fuel from 
the supply tank and delivers it undw pressure 
through the pump and supply lines to the 
Indi^dual iiyectors, (2) the pressure regulator 
which limits the presswe of the fuel to the 
injectorSj and (3) the govemor and throttle 
which act independently of the pressure 
regulator to control fuel pressure to the 
injectOfB, The location of these respective units 
of the pump are uidlcated in figure 4^2* 

Governor 

Mechaniwl govemor action is pr ovided by a 
system of springs and weights; the governor has 
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two functions, Firstj it mdntains sufflclant fuel 
for idling mth the throttle control in Idle 
position; and second* it cuts off fuel abova^ 
maximum rated rpm. The idle springs in the 
governor spring pack push on tht govemor 
plunger so that the idla fuel Jet is opened enough 
to permit pamge of fuel to niaintain engine idle 
speed. 

During operation betwaen idle and 
maximuin speeds, fuel flows through the 
govenior to the injecton in accord with the 
engine lequirmients as controUed by the 
throttle and limited by the pre^ure regulator. 
When the enpne reach^ governed speed, the 
flyweights move the govemor plunger, cutting 
off ttiel passages to the fuel supply manifold. At 
the same time another pamge o^ns and dumps 



@f PT futi pump. 



the fuel to the supply manifold back into the 
main pump body. In this manner, enpna speed 
is coiitioUed and Umited by the govemor 
reiardliss of throttte position. Fuel leaving the 
govemor travels through the shutdown valves 
inlet supply Uness and on into the injectors. 

Maximum engine speed is adjusted by 
removing or adding sUms under the maximum 
s^ed spring. NonrnaUy, this adjustment is made 
at the time of overhaul and will not have to be 
chang^ in the fleld. To adjust the idle speed, 
the en^e should first be wanned up to nomal 
operating temperature. Remove the pipe plug 
from the end of the spring-pack cover and turn 
the idle adjusting screw IN TO INCREASE the 
spe^, or OUT TO DECREASE the speed. Idle 
speed should be set 40 to SO rpm lower than 
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desired if the adjustment is made with the 
engint running. The reason is that air collects in 
the spring-pack housing and a speed change will 
result whan the housing fllls with fuel. 

Two models of FT fuel pumps are used: the 
FT (type G) and FT (type R). The FT (type G) 
indicates that fuel pressure regulation is a part of 
the governor function, The FT (type R) refers to 
fuel pressure regulation as a function of a 
regulator assembly, 

Injectors 

The fuel injectoi^ are operated mechanically 
by a plunger return spring and a rocker am 
mechanism operating off the camrfiaft, Fuel 
drQulates through the injector during the intake 
and compression strokes. From the inlet 
connection, fuel flows down the inlet passage of 
the Injector, around the injector plunger, 
between the body end and cup, up the drain 
passage to the drain connections and manifold, 
and back to the supply tank. (See fig. 4-63.) 



As the plunger comes up* the injector feed 
passage is opened and fuel news through the 
metering orince into the cup, at the same time 
fuel flows past the cup and out the drain orifice, 
The amount of fuel which enters the cup is 
controlled by the fuel pressure against the 
metering orifice. 

The plunger during injection moves down 
until the metering orifice is closed and the fuel 
in the cup is injected Into the cylinder. While the 
plunger is seated in the cupj all fuel flow in the 
injector is stopped. 

Injector adjustments are very important on 
FT injectors because they perform the dual 
functions of metering and injecting. Check the 
manufacturer's manual for proper settings of 
injectors* On an engine where new or rebuilt 
injectors have been installed, initial Injector 
adjustment can be made with the engine cold. 
Always readjust the injectors, using a torque 
wrench calibrated in inch-poundsj after the 
engine has been warmed up to where the oil 
temperature is between I40^Fand 160^F. 
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SUPERCHARGERS AND 
TURBOCHARGERS 

Many late model diesgl engines have a 
superchafger or iurbocharger as part of the air 
systam. These units force additional air Into the 
combuition chambers so the enpne can bum 
more ftiel and develop more ho^epower. 

• The use of a supercharger, such as the one 
illi^trated in figure 4-64 will cause an increase in 
power devaloped by the en^ne on which it Is 
used- The supercharger is similar to an air 
compressor in that it compresses the inlet air 
and actually forces the air into the cylinders 
when the intake valves open. This increased 
volume of air causes higher pressures and 
tamperitures in the cylinders. In addition , the 
amount of fuel can be increased to maintain a 
fuel air ratio of approximataly 15 to L Ai a 
result, the enpne will develop more horsepower. 



Another advantage of using the superchargar is 
an increase in cylinder turbulence which allows 
more efficient mixing of the fuel with the air, 
This mixing results in more afflcient burning and 
increased fuel economy. 

Four^troke en^nei are supercharged either 
by positive displacement rotary blowers or by 
centrifugal blowers, The positive displacement 
blowers are driven from the crankshaft j either 
by gearSj chainSj or belts, The centrifugal 
blowers are driven by turbines operated by 
exhaust gases coming from the engine which the 
blower serves. 

A turbocharger utilizes normally wasted 
exhaust energy to increase the amount of air 
taken into an engine, A greater quantity of fuel 
may be efficiently used, and the result is an 
increase In horsepower. The turbocharger (fig* 
4-65) consists of three basic parts: an exhaust 
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1. Compreiior Cover 6. Turbine Wheel 

2. Turtlnt Housing 7, Exhaust Cutlet 

3. Air Mat Waning 8. NoEEle 

4. ImpeUir g. E^dmuit Inlet Opening 
5* Comppeaior l^enaion 
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Figure 4^65«^Turbochir^r {muwy view). 



gas turbine, sometimes called the hot wheel; an 
impeller or compressorj referred to as a cold 
wheel; and housings which support the parts and 
diract the flow of exhaust gases and Intake air 
Exhaust gases passing through the turbina cause 
it and the compressor impellar to rotate. Air is 
therefore pumped into the en^e and a greater 
amount is available than would be supplied by 
normal atmosphiric pressure. Hence, more fuel 
Can be bunied effldently^ and en^e power can 
be increased. 

Exhaust g^es enter the turbine housing and 
are directed through vanes of the nozzle toward 
the turbine bladis. T^e exhaust gases provide 



the driving force to turn the turbine and are 
then expelled from the turbine housing at the 
outlet. Air from the air cleaner passes through 
the inlet opening of the compressor housing and 
the impeller. Ak is compressed as it passes 
through the impeller and is then directed to the 
inlet manifold of the diesel engine. 

'Die rotating assembly, consisting of the 
Impeller, the turbine, and a common shaft, is the 
heart of the turbocharger. 'niese parts are 
desipied and built to operate at extremely high 
speeds; 50,000 revolutions per minute ii often 
encountered In nomial operation. At such high 
speeds, balance is of utmost importance. A vety 



in 12G 



CONSTRUCTION MECHANIC 3 & 2 



slight unbalance shows up at high speeds and can 
be detected by excessive vibration. 

Labyrinth or screw-type seals are utilized on 
the large lurbocharger. Piston ring type oil seals 
are used with small turbochargers. 

To keep the lubricating oil in the unit and 
the hot exhaust gases out, air pressure is bled 
from the compressor housing to balanra the 
normal oil pressure at the impeUer seal and the 
exhaust presiure at the turbine seal. The rotating 
speed of the turbine changes as the energy level 
of the exhaust gas changei. Thus the enpne is 
supplied with enough air to bum the fuel for Its 
load requirements at all speeds. 

Turbochargers and superchargers require 
little maintenance between enpne overhauls if 
the air cleaners are serviced regularly, in 
accordance with the manufacturer*! 
recommendations* The turbocharger turbine 
blades and nozzles require periodic cleaning to 
remove carbon deposits which cause an 
unbalanced condition at the high relative speeds 
at which the turbine must turn. 

COLD WEATHER STARTING 

Diesel fuel evaporates much slower than 
gasoline and requires more heat to cause 
combustion in the engme'S cylinders. For this 
reason, preheating devices and starting aids are 
found on all Navy equipment using diesel 
engines. These devices and starting aids either 
heat the air before it Is drawn into the cylinder 
or allow Combustion at a lower temperature 
than during normal engine operation. 

PREHEATERS 

PreheaterSj the most common type of 
heating device, are installed in the intake 
manifold or In the case of 2-stroke cycle en^neSp 
are placed in the air passages surrounding the 
cylinders. The preheater bums a smaU quantity 
of diesel fuel in the air prior to the air being 
drawi into the cylinders* This burning process is 
accomplished by the use of either a glow plug or 
an lotion coil which produces a spark to ignite 
a fine spray of diesel fuel. The resulting heat 
warms the remaining air before it is drawn into 
the cylinder* The Caterpillar diesel, eqiUpped 



with a gasoline starting engine, passes the 
exhaust of the starting engine through an inner 
pas^ge of the intake manifold. Here the heat of 
the starting englna*s exhaust is absorbed by air 
before it enters the diesars cylinders. 

GLOW PLUGS 

Glow plup are installed directly in the 
prerambustion or turbulence chamber of the 
cylinder head. The injection nozzle is also in this 
chamber. While you crank the enipne, the glow 
plug (flg. 4-66) is turned on* The heat created by 
electrical resistance in the glow plug heats the 
fuel and air mixture. Heat generated by the glow 
plug permits burning of the fuel in the chamber 
and cylinder* 

STAR-nNG FLUID 

Startmg fluids in either an aarosol container 
Or capsule, is frequently used is a starting aid* 
This fluid is a highly volatile fluid (ether or a 
suitable substitute) which Is injected Into the 
intake manifold as you ^ank the diesel engine. 
Since ether has a low igiition point, the heat 
generated in the combustion chamber is able to 
ignite it* Heat from this ignition then ignites the 
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Figure 4^66,^ldw plug. 
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diesel fuel and normal combustion takes place. 
Once the diesel engine itarts, no more fluid is 
needed. 

When using cold weather starting aids, be 
sure to follow the manufacturer's instruction in 
order to prevent damage to the enpne or the 
starting aid. 



DIESEL FUEL SYSTEM 
MAINTENANCE 

If all diesel engines had nearly identical fuel 
systems (Uke gasoline engines) trouble diagnosis 
and maintenance procedures could follow a 
general pattern much like the one that is used 
for gasoline engines. But, with the exception of 
similar fuel tanks, filters^ and a basic piping 
system, diesel engine fuel systems dl^r 
considerably. Consequently, each en^ne 
manufacturer recommends different spedfic 
maintenance procedures. Those described herein 
for the more popular Intemational, Cate^iUar, 
Cummins, and General Motors dlesels are by no 
means all you will need to know. However, the 
tune-up and maintenance procedures described 
are representative of jobs you wiU do. For aU 
jobs you do not thoroughly understand, refer to 
the manufacturer's maintenance manual for the 
fuel system concerned. 

DIRT IN 

FUEL SYSTEM 

Many diesel engine operating troubles result 
directly or indirectly from dirt in the fuel 
system. That is why proper fuel storage and 
handling are so important. One of the most 
Important aspects of diesel fuel is cleanliness. 
The fuel should not contain more than a trace of 
foreign substance; otherwise, fuel pump and 
injector troubles will occur, Ddesel fuel^ because 
it is more viscous than gasoUne, win hold dirt in 
suspension for longer periods. Therefore every 
precaution should be made to keep the fuel 
clean. 

If the engine starts missingi running 
irregularly, rapping, or puffmg black smoke from 
the exhaust manifold, look for trouble at the 



ipray nozzle valves. In this event, it is almost a 
sure bet that dirt is responsible for Improper fuel 
injection into the cylinder. A valve held open or 
scratched by particles of dirt so that it cannot 
seat properly will allow fuel to pass into the 
exhaust without being completely burned, 
causing black smoke. Too much fuel may cause 
a cylinder to miss entirely. If dirt prevents the 
proper amount of fuel from entering the 
cylinders by restricting spray nozzle hole^, the 
engine may skip, or stop entirely. In most cases, 
injector or spray valve troubles are easily 
identifled. 

Improper injection pump operation, 
however, is not so easily recognized, It is more 
likely caused by excessive wear than by an 
accumulation of dirt or carbon such as the spray 
nozzle is subjected to in the cylinder 
combustion chamber. If considerable abrasive 
dirt gets by the filters to increase (by wear) the 
very small clearance between the injector pump 
plunger and ba^el, fuel will leak by the plunger 
instead of being forced into the injactor nozzle 
in the cylinder. This gradual decrease in fuel 
delivery at the spray nozzle may remain 
unnoticed for some time, or until the 
Equipment Operator complains of sluggish 
engine performance. 

Although worn injector pumps will result in 
loss of engine power and hard starting, worn 
piston rinp, cylinder liners, and valves (air 
intake or exhaust) can be responsible for the 
same conditions. However^ with worn cylinder 
parts or valves, the hard starting and loss of 
power will be accompanied by poor 
a)mpres$ion, a smoky exhaust, and excessive 
blowby from the crankcase breather. 

WATORIN 
FUEL SYSTEM 

It requires only a little WATER in a fuel 
system to cause an engine to misSj and if present 
in large enough quantitiesi the en^ne will stop 
entirely. Many fuel filters are designed to clog 
completely when exposed to water, thereby 
stopping all fuel flow. Water that enters a tank 
with the fuel oil, or that foms by condensation 
in a partially empty tank or line, usually settles 
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to the lowest part of the fuel system. TWs water 
should be drained off daily. 

AIR IN 

FUEL SYSTEM 

Air trapped in dlesel fuel lyitims is one of 
the maiji reasons for a hard starting enpne. Air 
can enter the fuel system at loose joints in the 
piping or through a spray nozzle that does not 
close properly. Letting the vehicle run out of 
fuel will also cause air to enter the system. Like 
water, air can interfere with the unbroken flow 
of fuel from the tank to the cylinder, A great 
deal of air in a system will prevent fuel pumps 
from picking up fuel and pushing it through the 
piping systems. Air can be removed by bleeding 
the system as s^t forth in the procedures 
described in the manufacturer's maintenance 
manuaL 

SERVICWG INJECTION 
EQUIPMENT 

Diesel injection parts (injectors or spray 
Valves and pumi^) ire a^embled units of 
predsion i^rts; they cannot be cleaned or 
adjusted adequately in the field. To operate 
effidentiy, they must be cleanedj repaareds and 
adjusted with special equipment. 

ftoper arrangement and suitable houdng of 
injector test apparatus are e^ential so that the 
apparatus can be pven proper care and 
protection. 

CLEANING INJECTORS 

Unless special senddng equipment and repair 
initructions are available, defective nozzles and 
pumps are usually exchange for new ones. 
However, in an emergency ^ and if spray valves or 
pumps are not too badly worn, they may be 
returned to a serviceable condition, with minor 
adjustment, after a thorough cleaning. 

Injector spray nozzles or pumps should 
never be disassembled in the field. They should 
be removed from the equipment and brought to 
the shop for repair. TTie first requirement for the 
cleaning Job is a clean working space, 
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Use clean diesel fuel for washing the parts. 
Disassemble one nozzle or pump assembly at a 
time to prevent mixing of mating parts. Exercise 
care to prevent damage to nozzle and pump 
parts. Inspect and clean all parts as they are 
disassembled. Carbon may be scraped from the 
outside of the^ nozzle, but be careful not to mar 
the edges of the holes (orifices). When cleaning 
fluid is used to clean pump and nozzle parts, dip 
the parts in diesel fuel immediatley after 
cleaning. This will prevent moisture from the 
hands from marring the highly polished lurfaces. 

Reaming tools and special drills are provided 
for cleaning spray nozzle holes. No drills other 
than those rerammended by the manufacturer 
should be used. The drills are hand operated ^ the 
smaUer, needle-type being held with a small 
chuck called a pin vise (fig. 4-67). 

In performing reaming operations, remove 
only the foreign matter; be particulariy careful 
not to burr the metal. 

TESTING FUEL 
INJECTION NOZZLES 

When fuel injection troubles are suspected, 
and before removing the injector nozzles for 
shop testing, it is a good practice to check the 
injectors to find out if just one of them is 
causing the trouble. To do so, first operate the 
engine at a speed at which the defect is more 
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Figure 4-€7.— Cteaning Injeetsr spray nazzle hotis. 
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pronounced. While the engine with the piimp 
and nozzle fuel system operates at this speed, 
loosen the fuel line connegtion at each injection 
pump one at a time to **cut out** the cylinder. 
When you find one that m^es very little or no 
difference in the irregular operation of the 



engine, the injector for that cylinder is probably 
causing the trouble and needs to be removed and 
tested. It Is seldom that one injector valve alone 
is responsible for all the trouble. Therefore, you 
should continue the testing until all injectors 
have been tested. 
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A^l Internal com bust ion inginis arc 
iquipPfd with cooling and lubricating systeniB 
which work in conjunction with each other to 
projy'Ott affidint anpni operation and 
perW^WMce. Tha cooling and lubricating 
syst^'rts discussed in this chaptir, along ^dth 
their tespectiva components and maintenance 
requif^rnents, are representative of the types of 
systenxs you will ba expected to maintain. 

Begausa of tha variaty of angines used in 
SEA.P6E equipiiient^ there are differences in the 
appU^tions of features of their cooUr^ and 
lubricating systems. Keep in nilnd that 
rnairtN^^i?Jce procedures and operational 
characteristics vary from engine to engine; 
therefore, always refer to the manufacturer's 
instructions for specifie information, 



COOLING SYSTEMS 

you have previously learned ^ the 
interfl^J-combustion engine produces power by 
bumi^^S fuel within the cyUndeHj and is 
therefore sornetimei referred to as a "heat 
fn^ii^-*' Howavar, it was pointed out that only 
about 25 percent of the heat is converted into 
useful power for propelling the vehicle or for 
doing other work. What' happens to the 
riniai^^ng 75 parcent of the heat? It is largely 
iteort^d by the engine parts or pa^es out with 
the e?^haust gm%m. If this heat were not removed 
quioldy, overheating and extansiva damage to 
the aflttna would result. Valves would bum and 
warp, lubri^ting oil would break down, piitons 
and Wftftap would overheat and saizej and the 
ertgin^ would soon stop. ' 



The necessity for cooling may be 
emphasized by considering the total heat 
developed by an ordinal six-cylinder enpne. It 
is eitimated that such an enpne operating at 
ordinaty speeds generates sufflcient heat to 
warm a six-room house in freezing weather* 
AJiOj peak combustion temperatures in gasoUne 
engines may reach as high as 4500^Fj while that 
of a diesel engine may approach SOOO^F. Some 
of thii heat is abiorbed by the valves, pistons, 
cylinder walls, and cylinder head, aU of which 
must be provided with some means of cooling to 
avoid excessive temperatures. Thus, even though 
very high temperatu^s may be raached by the 
heated gases, the cylinder wall temperatures 
must not be flowed to rise beyond 400° to 
SOO^F. Temperatures above this result in serious 
dam^e, as already indicated. However, for best 
thermal efficiency, it is desirable to operate the 
engine at temperatures closely approximating 
the limits imposed by the lubricating oil 
properties. 

The purpose of the cooling system Is to 
absorb and remove or transfer heat from the 
engine as well as regulate the operating 
temperature of the engine for best efficiency. It 
is estimated that about 25 percent of the heat 
produced in the combustion chambers by the 
burning of the fuel is dissipated via the cooling 
system along with ttie lubrication and . fuel 
^sterns. Nearly 50 percent of the heat produced 
passes out vnth the exhaust gases. An additional 
function of the cooling system is that of 
controlling the temperature in the vehicle 
passenger compartment to a comfortable range 
in cold weather, usually through use of hot 
water heaters. 

Au" is the only thing which is continually 
present in large enough quantities to cool the 
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wnning engine. Vehicles are designed to 
dissipate the heat from the engine into the air 
through which they pass. Tliis is accompiished 
either by direct air cooling or indirectly by 
Uquld cooling. ThuSi in the final analysis, the 
cooling of all automotive engines is actually air 
cooling, regardless of whether they are classified 
as air-cooled or liquid-cooled. In this chapter we 
will be concerned with both types, and the 
dscussion \^11 include a description of the 
various components of the systems and an 
explanation of their operation, 

AIRCOOLDJG 
SYSTEMS 

The simplest type of cooling is the 
air-cooled, or direct, method in which the heat is 
drawn off by moving air in direct contact with 
the engine. Several fundamental principles of 
cooling are embodied in this type of engine 
cooling. The rate of the cooling is dependent 
upon the area exposed to the cooUng medium, 
the heat conductivity of the metal used, the 
volume of the metal or its size in croM section, 
the amount of mr flowing over the heated 
surfaces, and the difference in temperature 
between the exposed metal surfaces and the 
cooling air. Some heat, of course, must be 
retained for efficient operation. This is done by 
use of thermostatic controls and mechanical 
ILnkage, which open and close shutters to 
control the volume of cooling dr. You will find 
that air-cooled engines generally operate at a 
higher temperature than liquid-cooled englnei, 
whose operating temperature is largely limited 
by the boiling point of the coolant used. 
Consequently, peater clemnc«s must be 
provided between the moving p^s of air-cooled 
engines to allow for the increased expansion. 
Also, lubricating oil of a higher viscodty is 
generally required* 

In air-OToled engines the cylinders are 
mounted independently to the crankcase so that 
an adequate volume of air can circXilate directly 
around each cylinder, abiorblng heat in pasiing 
the cylindeis and maintaining cylinder head 
temperatures within allowable limits for 
satisfactory operation. In all cases, the cooling 
action is based on the simple principle that the 



surrounding air is cooler than the "heat engine,*' 
The main components of an air-cooled system 
are the fan, shround, bafnes, and fins. A typical 
air-cooled engine is shown in figure 5-1 , 

Fan and Shroud 

AJl stationary air-cooled enpnes must have 
fans or blowers of some type to circulate a large 
volume of cooling air oyer and around the 
cylinders. TTie fan for the air-cooled engine 
shown in figure 5-1 is built Into the nywheeK 
Notice that the shrouding or cowling, when 
assembled, will form a compartment around the 
engine so that the cooling dr is properly 
directed for effective cooling. Air-cooled 
engines, such as those used on motorcycles and 
outboard engines, do not require the use of fans 
or shrouds because their movement through the 
air results in sufficient airflow over the enpne 
for adequate cooling. 

Baffles and Fins 

In addition to the fan and shroud, some 
engines use baffles or deflectors to direct the 
cooling air from the fan to those parts of the 
engine not in the direct path of airflow. Baffles 
are usually made of light metal and are 
semicircular with one edge in the aksteam, so 
that the air can be directed to the back of the 
cylinders. Most air=cooled engines use fins. These 
are thin, raised projections on the cylinder barrel 
and head. (See fig. 5-1,) TTie fins provide more 
cooling area or surface and aid in directing 
airflow. Heat resulting from combustion passes 
by conduction from the cylinder walls and 
cylinder head to the fins and is cwried away by 
the pacing air. 

Miintaiiiir^ the 
Air-Cooled System 

You may feel that because the air-cooling 
system is so simple it requires no maintenance. 
Too many mechanics feel this way; mmy 
air-cooled enpne failures occur as a result. 
Maintenance of an air-cooling system consists 
primarily of keeping cooling components clean. 
Clean components permit rapid transfer of heat 
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Figure &1.^Air^€Ml^ angind. 



and insure that nothing prevents the conttnuoui 
flow and cirQulation of air* To iccornplish this^ 
keep fans, shrouds^ baffles, and fins fri^ of dlrtj 
bugSj grease, and other foreign matter. The 
angina may look clam from th§ outside^ but 
what Is under the shroud? Accumulation of dirt 
and debris here can Qause real problims, 

Keep tha area betwaan tiia angina md 
shroud Qlaan, too. Paint can causa a problam. 
Somatimas a machanlc vrtll raduca the efficianQy 
of the cooling system by careless use of paint. 
Tha engine may look good but most paints act 
as an insulator and hold in haat. In addition to 
keeping the cooling components clean ^ you 
should inspaot tham each time the engine is 
servicad* Raplace or repair any broken or bant 
parts. Check the fins for cracks or breaks* ^en 
cracks i^xtend into toe combustion chamber 
gfea, the cyUndar barrel must be replaced. 

Now that we have studied tha simplest 
mathod of cooling, let's look at a more 
common, but also rnora complaxs mefliod. 



UQUID^COOLING SYSTEM 

Nearly all multicylindar engines used in 
automotive, construction and materials- 
handling aquipment use a liquid-cooling system. 
Any liquid used in this type of system is called a 
COOLANT. 

In most Uquid-cooled enginess excess heat is 
removed by the circulation of the coolant 
Arou^ hollow pass^es suirounding the hottest 
parts of the engine. Heat fi^t flows into the 
coolmt wlule the coolant Is being pumped 
throu^ tiie passages of the cyUrider block and 
up into the cyUndar head* The coolant then 
moves on through similar pass^es In the head, 
picks up more heat as it circulates, and finally 
leaves the engine throu^ an outlet at the top. 

After leaving the enpne, the coolant pa^as 
through an upper hose connection Bud cwries 
Uie heat into a rmdiator. As the coolant flows 
down ttirou^ the radiator, the heat is removed 
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by a st'eam of air forced through the radiator, 
by the action of a fan only in stationary engines, 
and by both the fan and forward motion in 
vehicles. 

From the bottom of the radiator, the 
coolant flowi through a lower hose connection 
to the pump where it is again forced into the 
cylinder block and repeats the cooling cycle, 
rainoving more heat from the engine and 
caitying the heat into the radiator. 

TTie amount of engine heat that muit be 
removed by the cooling system is much greater 
than is generally realized. To handle this heat 
lead, it may be nec^sary for the cooling system 
in some engines to circulate 4000 to 10,000 
gallons of coolant par hour. The water passages, 
the size of the pump and radiator, and other 
details are lo desipied as to maintain the 
worldng parts of the engine at the most efficient 



temperature within the limitation imposed by 
the coolant. Figure 5«2 shows a typical 
liquid-cooling system and Includes most of the 
components discussed in the following 
paragraphs. 

Radiator 

The radiator is probably the key unit in a 
liquid-'cooled system, being a device for holding 
a considerable volume of coolant in close 
contact with a large volume of air so that heat 
may be fransferr^d from the coolant to the air. 

TTie usual radiator assembly consists of a 
raditor core with a top tank and a bottom tank. 
Tlie top, or inlet tank, has an outside pipe called 
the radiator Inlet and uiually has a coolant 
baffle inside and above, or at the inlet opening. 
The radiator filler neck Is generally attached to 
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the upper part of the top tank and has an outlet 
to the overflow pipe, The bottom tank also has a 
pipe which is the radiator outlet. Many radiators 
for vehicles equippid with automatic 
transmiiiioni have an inn§r core looted in the 
bottom tank through wlUch transmisiion oil is 
circulated to assist cooling of the tranimission. 

Practically all cooling sj^stems have tubular 
radiator cores (fig. 5-3), which condst of a large 
number of vertical tubes and many horizontal 
air fins around the tubes. Water passages in the 
tubes are usually quite nan'ow, and the tube 
itself is made of thin metal. 

Through the water tubes, the flow of 
coolant is divided into many small sfreams 
which cause a smaU amount of cooling liquid to 
be exposed to a comparatively large cooling 
surface. This results in rapid flow of heat from 
the coolant to the tubes and air flns. Heat is 
carried away from the tubes and fins by the 
movement of the air throu^ the core. 

Connections must be provided to carry the 
water from the engine water jacket to the 
radiator, and from the radiator back to the 
engine. Vibration and movement between the 
radiator and the engine would ^use breakage of 
metal pipe. For this reason, flexible hose is used 
for radiator conner/tions* SometimeSj pieces of 
pipe are placed in sections of long ho^s. This 
reduces the dangers of hose coUapsa and makes 
a stronger connection. 

Radiator Pressure Cap 

The raidator pressure cap (fig. 5-4) is used 
on nearly all modern engines* TTie pressure cap 
closes off the overflow pipe md prevents lois of 
coolant during normal operation. It also allows a 
certain amount of pressure to develop within the 
cooling system. The pre^ure raises ttie boiling 
point of the coolant approximately 3^ for each 
pound and permits the enpne to operate at 
higher temperatures without loss of coolant 
from boiling. 

The pressure cap contains two spring-loaded 
valves. The larger valve is cdled the pressure 
valve and the smaller one is called the vacuum 
valve. A shoulder in the mdiator filler neck 
provides a Mt for the bottom of the cap 




Figure ^J.^Tubulir fadlator core conitruetion. 



assembly and a gasket on this seat prevents 
leakage between the cap and the filler neck. 

TTie pressure valve acts as a safety valve to 
relieve extra pressure within the system. The 
cooling system may be designed to operate at 
various pressures; 4 to 17 psi, depending on the 
m^ufacturer's specifications. The pressure valve 
in the cap is preset by the manufacturer* When 
replacing a pressure cap, make sure you use a 
cap with the' proper pressure setting which is 
usually marked on the top surface of the cap* 

The vacuum valve opens only when the 
presiure within the cooUng system drops below 
the outside air pre^ure as the engine cools 
down. This automatic action of the vacuum 
valve prevents collapse of hose Md the radiator. 

CAUTION: ALWAYS REMOVE THE 
RADIATOR CAP SLOWLY AND CAREFULLY 
Removing the cap from a hot, pressurized 
mdiator can cause serious bums from escaping 
steam and coolant, 

Watef Pump 

TTie water pump is Oie heart of the cooling 
system. Most engines use a centrifugal water 
pump* like the one shown in figure 5-5, which 
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provides a large voluma capacity and is 
nonpositive in displacement. This type punip has 
an impallir wth blad^ which force the ooDlant 
outward as the impallir rotetas, T^e shaft on 
wWch the impeUar is mounted is usually driven 
by a fan belt and revolves in a bushing or in ball 
bearings .inside the houmng, as shown in ttie 
illustration. Also shown in the Ulusfratton is the 
nonadjustable seal assaniblyj which prevents 
leakage around the axtamadly driven water 
pump shaft. For different cooUi^ ^stemSi 
pumps vary ^nsiderably in consbruction of 
seals, beaiings, mounting, md drive* 

Fan mid Shroud 

The engine fan is usually mounted on the 
end of tte water pump shaft and is driven by tiie 
same belt that driv^ the pump» The fan p^ls a 
large volume of air throu^ the iidjator wm 
M^dif.cMls tiie hot water circulatuig throu^ 
the ri^ator. B^des remo'dng heat from the 



water in the radiator, tte flow of air created by 
the fan causes some direct cooling of the engine 
itself. Some anpnes are equipped with a ^roud 
that improves fan effldency by assuring that all 
the air handled by the fan passes through the 
radiator. 

Fan blades are spaced at intervals around the 
fan hub to aid in controlUng vibration and noise, 
TTiey are often curled at the tip to increase their 
ability to move air. Except for differences in 
location around flie hub, most blades have the 
same pitch and angularity. 

Bent fan blades are very common and result 
in noise, vibration, and excess wear on ttie water 
pump Aaft* You rfiould make it a practice to 
visually inject the fan blades, ptUleys, 
pumpAift end play, and drive belts at every 
preventive maintenance inspection. 

At 300 rpm an 18-inch fan wUl consume 
over 2 hp. 'nils power drnin increases rapidly 
with an Increa^ in engine speed* Since the fan is 
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Figure i^i^-Wi^r pump. 



requirad primarily at low engim speeds, 
roupUngs hivi been de^sad which disconnect 
tht fan above ^rtain speads* 

Tha FAN DRIVE CLUTCH is a fluid 
wupUng which contams silicona oil. Fan speed 
is controllad by tha torqua-carrying ^pad^ of 
the oil. The more silicona oil in the ooupliiig, tha 
graatef tha fan spaed; the la^ silicona oil, tha 
slowar tha fan spead. 

Two types of fan drive clutch rantrols W in 
usa today. One type uses a BIMETALLIC STRff 
and control piston in tha front of &a nuid 
coupling. The bimetaUic strip bows outwird 
vnth an increase in surrounding tempamturas 
and allows the piston to move outward. The 
piston opans a vdva which lagulatas tiie flow of 
mlicona oil into the coupling from a leiaiva 
chamber, ^en the ralve is closed tha oil is 
returned to tha jrasa^a chmbar throu^ a bleed 



TTii BIMETALLIC SPRING type fan drive 
uses a spring connected to an opening 
plate* TTiis produces an action much the same as 
the bimetoUlc strip type of controL Both types 
of controls cause the fan speed to increase with 
a rise In temperature and to decrease as the 
teniperature goes down. 

Watar Jaoket 

The water passages in the cylinder block and 
^hnder head fomi the engine water jacket. (See 
fig. 5-2.) In the cylinder blocks tha water jacket 
completely suirounds aU cylinders ^ong their 
full length. Within tha jackets nairow passages 
are prodded between the cylinders for coolant 
drculatlon around them. In addition^ water 
p^s^es are provided around the valve seats and 
other hot parts of the cylinder block. In the 
cylinder head, the water jacket covers tha 
combustion chamber at the top of the q^lmders 
and contains pa^^es around the valve seats 
when fte valves are located in the head. 

TTia pas^ges of the water jacket are dedpiad 
to confi'ol drculatlon of coolant and provide 
proper cooUng throughout the engine. The 
pump forces coolant directly from the lower 
wdiator tank connection into the forward 
portion of the cylinder block This type of 
drculation would, ob^ously, cool number one 
cylinder firsts causing the rear cylinders to 
accept coolmt proffa^valy heated by the 
cylinders ahead. To prevent tlus condition, the 
Dhaad block in figure 5-2 is equipped with a 
water distribution tute that extends from front 
to rear of the block, having holes adjacent to 
(and directed at) the hottest parts of each 
cylinder. 1-head engines are equipped with 
ferrule type water directors which direct a jet of 
water toward the exhaust valve seats. 



liieRnDitats 

Automatic control of the angina's 
tempemture is necemrj^ for efficient en^a 
parfomanca and economical opemtion. If the 
en^e is allowed to opamta at a low 
tempemture, sludge buildup and exce^ve fuel 
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consumption will occur. On tha other hand, 
ovirhaating the angine or operating it above 
normal tamperature will result in bumt valves 
and fatdty lubrication. The lattar usually causes 
early engine failure. 

Since all engine p^ts are In a conti^cted 
state whan cold, the engine tempCTature should 
be brought to normal as quickly as possible, "Die 
water pump starts coolant circulating the 
moment the engine is started, which is 
undesirable for cold weather operation. To 
restrict coolant drculation, a thermostatically 
controlled valve, or thermostot, is instolled in 
the cylinder head water outlet. This valve allows 
coolant to circulate freely only within the block 
until the desired temperature Is reached. T^is 
shortens the wmnup period. A bypass is used to 
direct the water from the block back to the 
pump when the passage to the radiator is 
blocked by tha closed tharmostat (fig, 5=6). 

Thermostats ^e manufactured in several 
desipis* the most common being the bellows and 
the pellet. Tha BELLOWS thermostat (fig, 5-7) 
consists of a round bellows which contains a 
small amount of a highly volatile liquid (such as 
ether). The Uqiud creates a pressure when 
heated. This pressura opens the valve as the 
engine warms up and allowi the coolant to 
drculata. Should the bellows becoma punctured 
or ruptured, the thennostat will remain in the 
open position. 



Th^ PELLET thermostat (fig. 5^8) uses th 
piston and spring pressure principle, A smal 
mass of powdarlike crystals is enclosed witlun 
anall sealed receptacle (pellet) from which ; 
small piston rod extends to the valve, Th^ 
crystols, bemg of Ugh expansion valve, expanc 
under heat and push the piston sufficlantly t< 
overcome spring tension. TTili opens the valve 
Spring tension closes the thermostat when tin 
crystals contract, Operative failure of this Idnc 
of thermostat is caused by impregnation of th< 
pellet with coolant, causing it to remain in opei 
position. 

Although a thennostat is designed to open ai 
a specific temperature, most theimostats vary i 
few degrees in the temperature at which thej 
begin to open. In addition, they may raquire « 
temperature from 20^ to 25^ higher before thej 
are fuUy open, For instonca, a thermostai 
desipied to open at 1 SO^F might begin to oper 
at any temperature between 146- and 154®F 
This same tharmostat should be fuUy open a1 
170^ to 175^F, 

Some stationary engines and l^ge tructa m 
equipped with shutters which supplement the 
action of the tharmostat in providing a faster 
warmup and in maintaining proper operating 
temperatures. Whan the engine coolant is below 
a predetermined temperature (185- to 19S'^F), 
Uia flutters, located in front of the radiator, 
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Figurs &-8.-^Pellit thermostat. 



remain closed and restrict the flow of air 
through the radiator. TTien as the coolant 
reaches proper temperature, the shutters start to 
open* Two methods are used to control the 
shutter opening. Stationary engines use a 
SH UTTERSTAT (long themostatic valve) 
connected to the enpne cooling system with 
hoses or pipes that allow the engines coolant to 



circulate through the valve. TOe temperature of 
the coolant, when it reaches the predetermined 
temperature, causes the valve to expand, 
extending a rod which through linkage, forces 
the shutters open* Trucks, when equipped with 
an airbrake system, use a smaller thermostatic 
valve that actuates an air valvi. ITiis air valve 
allows air pressure from the air tank to enter the 
air cylinder attached to the shutter operating 
linkage thus forcing the shutters open. 

Should the shutterstit fail during operation, 
it will remain open the same as all thermostats 
used on Navy owned equipment, Lubrication to 
the linkage, and replacement of the valve should 
failure occur, are normally the only maintenance 
needed. 



^eiflow Tank 

An overflow, sometimes referred to as a 
surge tank or expansion tank^ serves as a 
receptacle for coolant forced out of the 
radiator overflow pipe and provides for its 
return to the system , As the engine cools, the 
balancing of pressures causes the coolant to 
syphon back into the radiator. This requires a 
pldn cap on the radiator and a pressure cap on 
the overflow tank, 

CoQUn_g systems using an bverflow tank are 
known as closed cooling systems. Coolant is 
usually added ^to this system through the 
overflow tank which is marked for proper 
coolant level NEVER remove the plain cap 
located on the radiator unle^ you are positive 
the system is cold. If there is any pra^ure in the 
radiator, it wHl spray you with hot steam and 
coolant. Use extreme caution whenever you 
work around a closed cooling system, 

Tmipamtare Gage 

ThQ engine temperature gage is made up of 
two principal parts: the gage unit mounted on 
the installment panels and the engine themal 
unit. When operated on the principle of the 
Bourdon tube, the temperature gage is acutuated 
by pressure from a bulb, which is screwed into 
ttie water jacket of tee engine, T^e heat of the 
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water vaporizes tha liquid in the bulb, and the 
vapors flow through a capillary^ which is i. very 
small tube connecting the bulb to the gage* The 
peater.tha heat, the more vapor pven offj the 
p-aater the preisurej and the higher the 
temperature indicated on the gage. 

When installing the temperature gage or 
repairing other parts of thaenpne, be careful not 
to Idnk the tube ronnecting the gage and 
sending unit. Although it looks Uke an ordin^ 
wire, this tube contains the fluid which operates 
the gage unit on the inifrument paneL A 
damaged temperature gage must be replaced as a 
whole unit and cannot be repaired in the shop. 

Some vehicles are equipped with an electric 
temperature gage. The hi^er temperature, the 
greater the current passing throu^ the coUs to 
the indicating unit, which in turn movei the 
needle to register tha engine temperature. 

Coolants and 
Antifreeze 

Since water is easily obtained, cheap, and 
has the ability to transfer heat readily, it has 
served as a basic coolant for many years* Some 
properties of water, such as its boiling pointy 
freezing point, and natural corrosive action on 
metals^ limit its. usefulness as a coolant To 
counteract tWS, an antifreeze is used. The most 
commonly used type of antifreeze is ethylene 
glycol. It is chemically compounded of a 
mixture of ethylene and glycerine derivatives 
and is manufactured under many trade names. 
Maximum freezing protection is achieved by 
mixing 60% ethylene glycol with 40% water. 
This will protect the cooling system to about 
-62^ F. Ethylene glycol has a very high boiling 
point, does not evaporate easily, is nonc^rroiive 
and practically nonflammable, 

SERVICING TIffi 
UQUIDCOOLING SYSTCM 

Because the effects or damages ttat result 
from an improperly serviced coolini system 
usually occur graduily, this system tends to be 



neglected* However, the requirements of modern 
Uquid-cooled engines and the severe conditions 
under which they often operate make it 
nece^^ that the cooling system be maintained 
at maximum efficiency. Thk is particularly true 
in tile ca^ of V-8 engines, especially the larger 
ones, becau^ of the increase in the heat 
generated and the slight mwgin of safety 
provided by the desipi of the cooling system. In 
facts only a slight loss in circulation or cooling 
efficiency can be critical, eipecially when the 
vehicle is loaded with power equipments which 
places an additional load on the engine at idle or 
in slow traffic on hot days. In view of thiSj it is 
e^ential that proper inspection and servicing be 
accomplished to keep the cooling system in 
good condition, In this portion of our study, 
you will be introduced to several service 
operations pertaining to the system, including 
cleaning and flushing, rust prevention ^ use of 
antifreeze^ and cooling system testing. 

Cleaning and 
Flushing 

Accumulations of rust and scale in the 
cooUng system eventually resWct the circulation 
of coolants Md the engine is likely to overheat. 
A good cleaning compound can be used to 
overcome this condition. In using the 
compounds you must be careful to follow the 
manufacturer's instructions. Following thisj the 
system should be neutralized, since cleaners 
contain ste^ong acids which, if not completely 
removed, attack parts of the cooling system. 

CAUTION: Avoid filling any cleaning 
compound on the sWn, clothing, or vehicle 
paint. 

Some manufacturers recommend 
reverse-flushing; i.e,^ forcing water and air 
through the system in the direction opposite to 
normal circulation. This tends to loosen the 
scale and flush it— along with any sediment-out 
of the system. 

Some CM ahops are equipped with 
reverse-flushing equipment. It usually condsts of 
a flushing gun de\dce similar to that shown in 
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figuri 5*9, In the figure, a gun is being used on 
the radiator which has been flUed with water 
and the cap instilled. Noti^ that the lower 
radiator hose has been disconnected from the 
water pump and that the gun is used to force 
water and air through thia ho^ and into the 
radiator. The air pressure is applied 
intermittently to loosen scale and sediment 
better* Excessive air pressure should be avoided 
to prevent damage to the mdiator. Starting and 
stopping the waterflow produces a fluctuation 
of pressure and tends to loosen all foreign 
matter clinging to the water passages in the 
radiator core. As shown in the figure, the upper 
hose has been disconnected from the engine so 
that the water can be directed to the pound or 
floor drains. 

Reverse-flushing equipment can also be used^ 
as shown in figure 5-10, to reverse-flush the 
engine block and head. First, remove the 
thermostat and disconnect the upper radiator 
hose between the water outlet and the radiator* 
TTien disconnect the lower radiator hose at the 
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FIfurt S-S.'^Rivim fluihing of radlatQr. 
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Figuri S-IO.^Rdverts fluihlng of water jaokots. 



water pump and insert the flushing equipment In 
the upper radiator hose, Reverse-flush the 
system by sending water and air through the 
water jackets and coolant passages. Following 
flushing, the thermostat and hoses can be 
replaced and the system refilled, Where 
reverse-flushing equipment is unavailable, you 
can still reverse-flush the system with an 
ordinary garden hose. This is often effective 
following the use of a cleaner and neutralizer. 

Preventijig Rust 

Rust is the result of iron and oxygen present 
in the system and it can only be contoolled by 
manintaimng full-strengUi corrosion protection 
at all timeSi An indication of the presence of 
rust, scale, or pease can be obtained by running 
your finger around the inside of the flUer neck 
of the radiator, The p'ease and rust deposits 
collected on your finger mil show if this 
servicing is requii^d. 

The use of inhibitors or rust preventives 
reduces the corrosion of metals and prevents the 
formation of scale. Inhibitors are not cleaners 
and do not remove rust or scale already formed. 
Treating fte cooUng system with an inhibitor 
contists of adding it to the coolant. The 
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inhibitor should b§ renewed periodically, 
espacially if the lystem has been recently 
clatned or flushid. Petmanent type antlfreezg 
contains an inhibitor io that during cold weather 
a separate inhibitor need not be used. Inhibitor 
in the required Mount should always be used in 
the cooltag system after antifreeze has been 
drained* 'Hie required amount of inhibitor is 
indicated on tlie container and depends on tiie 
cooling system capacity. 

Using Antifrieza 

Permanent antifreeze of the ethylene glycol 
type is used to protect the cooling syitem during 
cold weather* Before installing antifreeze in the 
system, you should check for leata and, if 
necessMy, clean and flush the cooling system. 
Also, you should check the thermostat, pressure 
and all hoses* If the system has a radiator 
overflow tank, you should rinse it by filling with 
water md then completely draining. 

After filling the system to about one-third 
capacity with water^ you are ready to add the 
antifreeze. But just how much aritifreeze should 
you use? This will depend on the capacity of the 
cooling system and the low^t expected 
temperature, The system should be protected to 
at least lO'^ below the lo>vest expected 
temperature* Table 5-1 indicates the number of 
pints of permanent antifreeze needed per gallon 
of cooling system capacity to afford protection 
to the various temperatures listed. Thus, if your 
cooling system (with heater) had a capacity of 
22 quarts (5 1/2 gallons), you would need to use 
approximately 18 pints (2 1/4 gallons) of 
antifreeze to afford adequate protection to 
-10- F or 19 1/4 pints (subtly over 2 3/8 
gallons) to protect to -20^F* In this connection, 
you should note that the maximum protection 
available is obtained by using about 4 3/4 pints 
of ethylene glycol for each gallon of the cooling 
system capacity. This means that the solution 
would then contain about 60 percent ethylene 
^ycol by volume to protect to -60^F* When you 
attempt to use a peater proportion of antifreeze 
than this, little— if any— advantage results. The 
reason Is that a s^aight ethylene glycol (100 
percent) affords less protection ttan one 



T^lt S-1,<^trmanant Antifrtiit Neoded Par Gallon of 
Cooling Syitetti Capialty. 

Protection to: Pints 



+10-F 


2 


O'F 


2 3/4 


.10°F 


3 1/4 


-20^ F 


3 1/2 


-30'F 


4 


-40'F 


4 1/4 


-50°F 


4 1/2 


-60^? 


4 3/4 



containing 60 percent ethylene glycol and 40 
percent water* In other words, up to a point the 
water acts as an "antifrecEe'^ for the ethylene 
glycoL 

After adding the required amount of 
antifreeze, you should fUl the system with clean 
water, lea^ng room for the expansion, and 
operate the engme to mix the solution. Then 
add water, if necessary, to bring the coolant 
level to that prescribed for the vehicle* You 
diould then stop the engine and check the 
solution with an antifreeze hydrometer— to be 
discussed later-in order to make sure the system 
is protected to the desired temperature. 

Most modem high compression engines, 
espedally those equipped with air^onditioning, 
require the use of antifreeze year round for 
efficient cooling system and engine 
performance. 

Cooli]^ System 
T^ttif 

It ii often necessary to check ttie cooling 
system for leaks that are hard to find, l^ata in 
the cooling system should not be permitted to 
conttiui, since boilini wd overheating will tend 
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to occur, resulting in brealdng down the oil film 
and possibly darning the engine* Air will be 
drawn into the system if leaks are present 
between the radiator and water pump, causing 
foaming and loss of coolant as well as 
accelerating rusting and conosion. To check for 
such leaks, connect a hose to the overflow pipe 
and place the other end of the hose in a pail of 
water. If the system is fuU and the warmed-up 
engine is running, any air drawn into the system 
will be indicated by bubbling in the pail of 
water. Air leaks are usually corrected by 
tightening the hose cl^ps of the hose 
connecting the radiator to the water pump or 
replacing the hose if necessary, The trouble also 
may be caused by a leaking water pump or 
exhaust ps leakage. 

Exhaust gas leaking into the cooling system, 
usually as a result of a leaking cylinder head 
gasket, will result in damage to the system due 
to the action of acids formed in the system. To 
check for exhaust gas leakage, remove the fan 
belt, upper radiator hose, and thennostat. Then 
drain out some coolant untH its level is just 
above the top of the cylinder head. Then if the 
engine is accelerated quickly several times, 
exhaust ps leakage wUl generally reveal itself by 
bubbling at the thermostat outlet or by a rise in 
coolant level beyond that caused by nomal 
coolant expansion, 

A radiator pressure tester ^n also be used to 
check for leaks. The device is installed on the 
radiator filler neck in place of the pressure cap. 
Then air pressure is applied and the gage 
obser\'ed for a pressure drop which would 
indicate a leak. Pressure rfiould not exceed that 
recommended by the manufacturer* On a system 
with a 14-pound pressure cap, for example, do 
not apply more than 15 pd. If the leak cannot be 
located externally, inject the engine OH to 
determine whether OTolant is leaking into the 
crankcase due to a mcked cylir Jer block or 
leaking head gasket. 

To check for compression or combustion 
leakage, run the engine until it reaches normal 
operating temperature. TTien pressurize the 
system with the engine mnning. Fluctuating 
pressiire as the anpne is accelemted indicates a 
combustion leak. In the case of a V-8 engine, 



you can determine which bank is at fault by 
disconnecting the spark plug leads from One 
bank and running the engine on the olher. The 
combustion leak is in the bank fumishing the 
power when the pressure fluctuates. To 
determine which cylinder is leaking, dliconnect 
the spark plug wires one at a time and obsen^e 
the tester dial, When the plug wire is removed 
from the leaking cylinder^ the indicator will stop 
fluctuating, If more than one cylinder leakSj 
removing the plug lead from an offending 
cylinder will cause the fluctuation to become 
less frequent. If tightening the cylinder head to 
specifications does not stop the leak, replace the 
head psket and recheck for leakage. 

The rmdiator pressure tester can also be used 
to test the radiator preisure cap by using an 
adapter provided for this purpose. The adapter is 
screwed onto the lower end of the tester^ and 
the pre^ure cap is instaUed on the other end of 
the adapter, The cap rubber gasket should be 
wet to insure an airtight seal. Then by applying 
air pre^ure as specified for the particular cap, 
you can determine if it is capable of re taming 
the pre^ure as it should. 

Another tester used with cooling syitems is 
the ANTIFREEZE HYDROMETER which is 
used to determine if adequate protection against 
freezing is afforded by the antifreeze solution in 
use* This hydrometer shows the specific p"avity 
of the solution, thus giving you an indication of 
what percentage of the solution is water and 
what percentage is ethylene glycol. Then by 
refemng to a chartj which corrects for the 
coolant temperature, you can detemiiiie if 
additional compound should be added to the 
system. Th^ accuracy of the tester can be 
checked by taking a test reading of a mixture 
containing one part anitfree^e compound and 
two parts water, which should test to O^F. The 
tester manufacturer's instructions should be 
foUowed for proper use and care of the 
hydrometer. Accurate readings are not possible 
if the float and the inside of the glass barrel are 
dirty, 

Before reading the tester, you should fBl and 
empty the hydrometer bmel several times in 
order to equalize the temperature of all parti. 
First read the first number or letter on the float 
above the surface of the liquid and then note the 

1 d J 
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solution timperatura from the firit dmslon or 
number above the top of the indicating column 
of the thermometer. These two readlnp should 
be made at the lame time and as soon as posiible 
aftgr drawing the solution into the hydrometer. 
The freezing protection of the solution is 
determined from float and thermometer 
readings by referring them to the chart on the 
hydrometer. Tests will be inaccurate if made 
immediately after adding water or antifreeze, 
Most antifreeze hydrometers give best reading 
accuracy at solution temperatures around 
1 lO^F. Even with hydrometers desipied to read 
at solution temperatures below O^F, tests should 
always be made with the temperature of coolant 
above 60® if possible, because the solution is 
more viscous when cold. This condition prevents 
the float from finding its true level quickly and 
may result in a false float reading. 



REPAIRING COOLDNG 
SYSTEM COMPONENTS 

The Individual components of the cooling 
system which require servicing and repair 
include the water jacket in the cylinder block 
and head, radiator, hoses, water pump, fan and 
fan belt, and thenmoitat. Repair of these 
components will be discussed separately, 

Water Jacket 

Some maintenance aspects In connection 
with the water jacket have already been 
discussed, including cleaning and preventing mst 
and corrosion. But where water jackets are badly 
closed and do not respond to regular or 
reverse-flushing, some of the core hole plugs can 
be removed from the cylinder block and head. 
With a suitable length of small copper tubing 
attached to the flushing gun nuzzle, the water 
jacket can be flushed throu^ flie openir^s. New 
plup should then be installed. Any plugs which 
show sipis of leaking or rusting must be 
replaced. All i'ain plup ^ould be kept free of 
rust and scale* Gaskets must be in good 
<^ndition to prevent boto internal and external 
leaks. If there are external leaks around gaskets, 
there may also be internal leaks into ttie en^e. 
ftoper tightening of the head bolts or capscrews 



with a torque wrench is essential for preventing 
leaks around the head gasket, It this fails to 
correct the difficulty, the gasket must be 
replaced. 

Radiator 

The radiator should be checked for leaks, 
particularly where the tanks are soldered to the 
core, since vibration and pulsation from pressure 
can cause fatigue of soldered joints or seams, 
Neglect of small leaks may result in complete 
radiator failure, excessive leakage, rust clogging, 
and overheating difficulties. Thus, it is 
extremely important to keep the radiator 
mounting properly adjusted and tight at all 
times and to detect and correct even the smallest 
leaks. A leak usually reveals its presence by scale 
marks or watermarks below the leak on the 
outside of the core. Contrary to popular 
conceptions, permanent antifreeze does not leak 
through spaces where water won't pass. What 
actually occurs is that the antifreeze leak is more 
noticeable, since it does not evapomte as quickly 
as water. Often, small leaks can be effectively 
mended by using one of several commercially 
available radiator sealers (powders or 
Uquid^older compounds) which harden upon 
contact with the air, ttius sealing off any small 
openings. Leaks can also, be repaired by ordinary 
solderii^, When large leaks or considerable 
dam^e is present, removal of the radiator for 
extensive repair or replacement is usually 
required. 

Bent fins should be straightened and the 
radiator core checked for any obsfructioni 
tending to restrict the airflow* Radiator air 
pass^es can be cleaned by blowing them out 
with an airhose in the direction opposite to the 
ordinary flow of air. Water can also be used to 
soften obstructions before applying the airblast. 
In any event, the cleaning gets rid of dirt, bugs, 
leaves, siraw, and other debris which otherwise 
would clog the radiator and reduce its cooling 
efficiency. Sometimes screens are used in front 
of radiator cores to prevent this type of 
clogging. 

The radiator can be checked for IntemaJ 
clogpng by removing the hose coimections md 
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^raininl the radiator, mtroduce a stream of 
^ttr ifito the top from a garden hose and 
Observe tha flow coming out at the bottom. If 
the flc^ is sluggiihi the radiator Is partially 
Clogged* Anothir way to check for this 
Condltl^il is to ftal the radiator with your hand 
Vtir th^ engine has bten operated for some 
tima, The radiator ^ould be warm at the 
bottom hot at the top, with the temperature 
^ incf^asi"8 uniformly from bottom to top. Any 
clogged Actions will feel cooL 

CAPTION: Ba sure the engine is not running 
Whan fTiftJdng this test to avoid injuiy from the 

Wh^f^ use of cleaning compounds and 
r^versa^flUshing fails to relieve a clogged core, 
the radiator must be removed for mechanical 
^l^ninj' This requires the removal of upper and 
Io\var t^nks and rodding out the accumulated 
Hi^t and scale from the water passages of the 
core. 

Thm ^diator pressure cap should also be 
fhecked for condition and proper operation. If 
it is dirty* the cap can be cleaned with soap and 
^^tar affl then rinsed. The seating surfaces of 
Ui^ vacuum and pressure valves should be 
^ooth ^d undMiaged. TTie valves should 
<^P^rata ftBaly whan pressed against their spring 
Pffessure^ ^nd should seal properly when closed. 
By usinl the pressure tester, you can quickly 
^h^ck tW cap for proper operation. 

All hQses and tubing should be checked 
ftequently for leakage and general condition. 

la^tege may often be con-ected by 
tightenini or replacing the hose clamps. 
D^tfrioi^t^d hoses should be replaced to 
preclude futiire trouble. For example, hoses 
Wjtietini^^ rot on the inside, blowing tiny 
fr^tments to flow through the system and 
i^Oome JMJged in the radiator, tending to clog it 
oaui^ overheating. Any restriction in the 
rtdigtor ilows circulation so that the suction of 
the wataf pump creates a low-pressure pocket, 
pricing to permit the water to convert 
inwhediate'y to steam and perhaps cause the 



engine coolant to boil over. Therefore, all old, 
cracked, or spongy hose should be replaced as 
soon as the condition is discovered. The lower 
radiator hose is a particular suspect because it is 
on the vacuum side of the pump. When this hose 
becomes soft with age, it tends to collapse, with 
the result just described. You can check such 
hoses as well as others by squeezing them; if 
they are "mushy" they should be replaced. 
However, where spiral spring stiffeners are used 
to control the tendency to collapse, such a test 
will not work and the hose will need to be 
removed for inspection. 

Water Pump 

Nomally, the water pump requires little in 
the way of maintenance in day-to-day operation. 
Nearly all water pumps use sealed bearings, so 
that even lubrication service has been 
eliminated. However, where provided, the air 
vent at the top of the housing and the drain hole 
at the bottom should be checked to make sure 
they are not plugged with grease or dirt. 
Pumping failures are most often caused by a 
broken or loose drive belt, requiring that the 
belt be replaced or adjusted. Leaks, which are 
also quite common, may sometimes be corrected 
by replacing the pump gasket. However, after 
long semce, the pump may develop a leak 
around the shaft or become noisy due to worn 
bearings or other defects. It will then require 
replacement or rebuilding. Pumping capacity can 
be reduced as a result of edge wear of impeller 
blades and wear of the pump housing caused by 
abrasive action of sand or rust in the system. 
Sometimes a pump may cease to circulate 
coolant because of eroded impellers or vanes or 
a buildup of rust or mineral deposits on the 
impellers or vanes. The pump operation can be 
checked with the engine running by squeezing 
the upper radiator hose to ascertain the presence 
of a pressure surge. 

Whether a defective pump is replaced or 
rebuilt depends on parts supply and cost Repair 
Wts are sometimes available for rebuilding water 
pumps. In most cases, however, it is more 
economical simply to replace the pump. In fact, 
there are some pumps for which repair kits are 
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not mide. In my ©vent, the removal and 
iaitallation prociduris, as well as the rebuilding 
procedure (if appUeable), wUl vary on different 
pumps* TTiiref ore, the ippUeabli shop mwiual 
must be coniuUed for the step-by-step 
prOQadures and any specificationSj clearances^ 
toleranees, and so on, pertinent to the job. 

Wien you replace a pump, install a new 
psketi. Make sura the mating surfaces are clean 
and smooth. The appUcation of sealer to both 
sides of the pskat is often recommended. Then 
after refilling the system, the pump should be 
checked for leaks, noise, and proper operation* 

Fan and Belt 

A bent or distorted fan or one with a loose 
blade should be replaced. Where the fan is 
merely loose on its mountmg, tightening is in 
order. Loose fan belts can be adjusted for proper 
tension, usually by shifting the generator on its 
mounting. A common method for measuring 
belt tension is to press down on the belt at a 
point midway between the generator and fan 
pulley; then measure the amount of deflection, 
llie amount of deflection will vary and siiould 
be set to the manufacturer's specificition, The 
amount of deflection will depend on whether 
the belt is new or used and the distance 'between 
the pulleys. 

A belt adjustmant that is just tij^t enou^ 
to prevent slipping may be considered coffect, A 
belt that is too tight can cause the generator 
or alternator bearing to wear rapidly, A belt that 
m too loose may squeak whm tiie engine Is 
accelerating, When a belt is misalm^, a squeak 
may occur at idle speed. Correction can be made 
by using spacers on the acce^ories or by ffling 
brackets. How^ar, if the squeak is caused by a 
nonumform poove or eccentric pulley, tiie 
pulley should be repla^d. 

Replacement of a defective belt is usually 
made by loosening the generator mounting bolts 
and the generator adjusting arm and mewing the 
generator closer to the engine. The belt can then 
be removed over the fan and a new one installed 
and adjusted. 



"nennostat 

There are no repaire or adjustments to be 
made on the ordinary thermostat. The unit must 
be replaced if it fails to operate properly, TTie 
temperature at which the thermoitat opens is 
very important and should be tested whenever 
tiie cooling system Qperating temperature 
indicates the need. To remove the thermostatj 
dmin ttie coolant until its level is below the 
thennostat, remove the hose connecting the 
thermostat outlet to the radiator if necessaryj 
and remove the outlet retaining capscrews. The 
ttiermostat can then be removed and checked 
for condition and operation. If it is excessively 
rusted or bent, or if the valve is not tightly 
closed, the thermostat must be discarded, 

If the thermostat appears to be in good 
conditioni its operation can be tested as shown 
in ngure 54 1. The thermostat is suspended in a 
container of water together with a 
high-temperature thermometer. Then by heating 
the container on a stove or hotplate, the 
temperature at which the thermostat begins to 
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open, as Will m the full<>pin tempiriture, can 
ba detarmined, If the thennostot fails to respond 
it specified tamperatures, it should ba discardid. 
S^cilflcations vaty on diffirent vehiGlis, but on 
One popular niakej the opanlng tempirature is 
180^ to 185^F, and the full-open temparature Is 
200- to 202^ F, If thi tists art satisfactoii^, tha 
thafmostat can bi ralnstallad. A new psket-or 
pskets in tha casa of loma V-8 anglnfs— should 
ba usad and tha capscrawi tl^taned to tha 
spacifiad torque. Then tha cooling systim can ba 
fiUad and the engine oparatad to check for leaks 
as wall as proper tharmostet action, 

You should now have a good undarstanding 
of tha service and mpair raquiramenti that 
pertain to cooling systemi in genaraL Howevar, 
it is good to remembar that spedfly procedures 
or those peculiar to tha system on a particular 
vehicle will require reference to the applicabla 
rnanufacturar's or other technical publicatioii* 



ENCmE LUBRICATION 
SYSTEMS 

Nearly all internal combustion engines a^a 
equipped with an internal lubrication systein* 
Without lubrication, an engine would quickly 
overheat j and its working parts would seize or 
stick because of excassiva friction. All the 
moving parts must be adequately lubricated to 
assure minimum wear and long angina Ufa. With 
tius in mind, we wiU explain the puj^oses of 
lubrication, the function of tiia different 
components found in lubrication systems, the 
different types of systems in use todiy,andthe 
maintenance raquiiaments of representative 
systims. 

PU WOSES OF 
LUBRICATION 

Tha primary function of engine lubrication 
is to reduce friction between moving parts. 
Lubri^tion suppli^ a thin film of oil wWch 
prevents metal»to-matal contect, thus peatly 
reducing friction, Tha crankshaft, connacting 
rods, bearings, pistons, piston rings, valve stajns, 



valve tappets, geaii, drives, couplingi, and 
bearings are the mmn parts which must be 
lubricated to guard against friction, 

Helping to cool the engine is another 
function of the lubrication iystem, ITie oil goes 
throu^ some very hot regioni in the engine, and 
heat is absorbad by the oil, thus raising the oU 
ternperature. The heat so absorbed is carried 
back to the oil pans from which it is dissipated 
into the surrounding air, 

Other purposes of lubricating oil are: 
absorbing shocks between bearings and other 
engine parts; forming a seal between piston rings 
md cylinder wall; and helping to clean the 
engine parts* 

As a shock-absorbing agant, oil around the 
piston bearings and journals acts as a cushion 
against the jars they racalva from the 
hammarUke blows of the thrusts of the piston. A 
load of as much as one and a quarter tons is 
suddenly thrown upon the top of the piston 
whan combuition takes place. This sudden 
thrust on the piston is carried through the piston 
pin and connecting rod bearingSi Oil helps quiet 
the piston movement and rcducei the wear of its 
parts, 

Hston rings must fom a gastight seal with 
the cylinder wdls. The lubricating oil delivered 
to the cylinder waUs helps in this respect. The 
oil film also provides lubrication of the rings so 
that thay can move easily in the piston ring 
^ooves and on the cyhndar waUs, 

As oil drculates through the engine, it tends 
to wash off and carry dirt, particles of carbon, 
and other foreign matter into the crankcase, 
where the iMger particles drop to the bottom of 
the pan. Tha oil filter removes many of the 
smilar particles. 



LUBRICATION SYSTOM 
CONffONENTS 



AH modem enginis are lubricated under 
presiura. The oil supply is earned in the oil pan 
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attachid to the underside of the cmnkcase, from 
which it is drawn up and forced through a 
network of tubes, pipeSj and drilled paisages by 
the oil pump. TTie other main componenti of 
the system include the oil pressure gage, oil 
strainer, oil filter, oil level gage, and oil 
temperature regulator (oU cooler). 

OaPump 

The oil pump is the heart of the engine 
lubricating system. Depending on the type of 
engine, the pump will be mounted either inside 
or outside the crankcaie. The two common 
types of oil pumps generally used in automotive 
engines are the gear and the rotary* 

The GEAR pump (fig. 5-12) consists of two 
pump gears mounted within a close fitting 
housing. One of these two pump gears is driven 
by the pump*s drive shaft which in turn actuates 
the other gear mounted on a stub shaft. The two 
gears are In mesh and rotate in opposite 
directions. Oil is picked up in the ipacas 
between the gear teeth and the housing. This oil 
Is then carried around to the pump outlet where 
it is discharged. Pmssure is developed because 




of restrictions in the system caused by closely 
mated parts in the enpne and pump, The gear 
pump may be driven directly from the camshaft 
or indirectly by the distributor. 

The ROTARY pump (fig* 5-13) has an inner 
rotor with lobes that match similar -ihaped 
depressions in the outer rotor. The inner rotor is 
offcenter from the outer rotor. As the inner 
rotor turns, it turns ttie outer rotor with it. As 
the two rotors turn, the openings between them 
are filled with oil. This oil Is forced out from 
between the rotors as the inner rotor lobes enter 
the opening in the outer rotor. As you can see in 
figure 5-13 the inner rotor lobes have very little 
clearance as they approach the discharge. Thii 
allows the oil to be pressurized prior to 
discharge, 

As a safety factor to assure sufficient oil 
deliveiy under extreme operating conditions, the 
oil pump is designed to supply a peater amount 
of oil than is normally needed for adequate 
lubrication. TOis requires that an oil pressure 
relief valve, usually incorporated in the pump^ as 
shown in figures 5-12 and 5-1 3j be used in the 
syitem to prevent excessive oil pressuraj 
eipecially at high speeds or when the oU is cold. 
TTie relief valve has a springloaded ball or 
plunger that Is forced off its seat when the 
desired pressure, which langes from 30 to 50 psij 
is reached, allowing the excess oil to be delivered 




81.624 

Figure &13.-'Rotary ail pump. 
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Figuri fr'12.-Giir oil pump. 
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to the inlet sid© of the pump or to ratum to the 
crankcase through a drilled pamge. 

OU Premira Gage 

The pressure pge is mounted on the 
instrument panel of the vehicle. Marked off on a 
dial in psi, the gage Indicates how regularly and 
evenly the oil is being delivered to all vital parts 
of the engine, and warns of any stopples in this 
delivery. Pressure gages may be MECHANICAL 
or ELECTRICAL. In the mechanical type, the 
gage On the instrument panel is connected to an 
oil line tapped into the main oil supply passage 
leading from the pump. Th^ pressure of the oU 
in the system acts on a diaphragm within the 
pge, causing a needle to register on a dial. In the 
elactri(al type, the oil pressure operates a device 
on the engine which signals electrically to the 
pressure gage which indicates the oil pressure. 

Some of the vehicles brought into the shop 
will not be equipped with an oil pressure gage, 
but will have electrically operated warning lights 
on the instrument panel, which flash on and 
remain lifted to Indicate low oil pressures* 

<M Stminers 

Most engines use at least one oil strainer or 
screen in the lubrication system. The stt^alner 
must have a mesh suitable for storaining out 
undesirable particles from the oil and yet pass a 
sufficient quantity of oil to the inlet side of the 
pump. The strainer is located so that all oil 
entering the pump from the oil pan must flow 
through it. Some screen assemblies also 
incorporate a safety valve which opens in the 
event the s^een becomes clogged^ thus by- 
passing oil to toe pump. Strainer assemblies may 
be either the floating or the fixed type. 

The FLOATING STRAINER has a sealed air 
chamber, is hinged to the oil pump inlet, and 
floats just below the top of the oil. As the oil 
level changes, the floating intake will rise or fall 
accordingly. TTius, all oil taken into the pump 
comes from the surface. This prevents the pump 
from drawing oil from the bottom of the oil 



pan, where dirt, water, and sludge are likely to 
coUect. TTie sto^alner screen is held to the float 
by a holding clip and the up or down movement 
of the float is limited by stops. 

The FIXED STRAINER is simply an 
inverted funnel-Uke device, as shown in figure 
5-14, placed about 1/2 inch to 1 inch from the 
bottom of the oil pan. Thus^ any sludge or dirt 
accumulation in the bottom of the pan is 
prevented from circulating through the system. 
TTie assinibly Is attached solidly to the oil pump 
in a fixed position. 

Oil Filters 

The oil cleaner, or filter, is placed in the oil 
line beyond the pump and is usually mounted 
on the engine in an accessible location. The 
average automotive engine uses a single filter 
while larger engines, especially diesel, use banks 
of two or more filters. 

The filter cleans the oil and removes most of 
the impurities that were picked up by the oil as 
it circulated through the engine, The filter is 
connected so tiiat part of all of the oil passes 
through it each time the oil is circulated throu^ 
the engine. Some oil filters have washable filter 
elements and some have replaceable elements or 
cartridges J while stiU others require replacament 
or the entire assembly. 
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Pigura S-14,-Fixgd oil strainor. 
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The alfmMti them^lvei may ta alther 
metallic or nonmgtalUc, The rn&tallic elemants 
are mada of bronze and are motm or less 
permanent, anae tMy ar€ waahmble. NonrnetaUio 
flltar alatnants are coniposed of paper or a 
imposition of paper and other materials^ and 
must be replaced periodicaUy. 

FULL FLOW FILTERS (fig. 54 5) are 
diiignad to fUter the full oil output of the 
pump. This type of filter strains all of the oil 
before it is distributad to the angina. 

With the full flow type filter, a relief or 
bypass valve must be pro\dded to allow the oil to 
flow around the filter in the event the filter 
baeomes clogged. This valve openi when the 
baQk pressura caused by cloggini begomes 
greater than the tension of the valve spring. The 
engine is thus assured an adequate supply of oil 
in case of filter failure. The bypass valve is 
incorporated in the filter assembly or located in 
the engine block near the filter. 

PARTIAL FLOW FILTERS (fig. 5^16) strain 
only a small amount of the oil being circulated 
by the pump. The oil from the main oil gallery 



enten the filter and flows through the filter 
alemant. It then passes into Uie metal perforated 
collector in the center of the filter, The filtered 
oil then flows out the outlet, which is restricted 
to prevent loss of pressure. After paiiing 
through the restriction, the oil either ratums to 
the crankcase directly or by way of the timing 
gearSj rocker arms, or other parts needing 
lubrication. Where the return oil is used for 
lubricating such parts^ a bypass valve must be 
used to assure circulation in the event the filter 
becomes clogged. A drain plug is usually 
incorporated in the bottom of the filter case for 
sludge removal 

Oil Laval Gage 

The oil level gaga, known also as a dipstick, 
is usually of the bayonet type. It consists of a 
long rod or blade that extends into the oil pan. 
It is marked to show EMPTY, LOW, and FULL, 
or sometimes just LOW and FULL or FULL and 
ADD. Readings are taken by pulling the rod out 
from Its normal place In the crankcase, wiping it 
clean, replacing it, and again remo\dng and 
noting the height of the oil on the lower or 
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Oil PRtSiURE 
GAUQE- 
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RETURN LINE 




Figuri g^li^^artbl flew filter. 



nia"kid and, Thto should be dona with the 
engine stoppid unless thi manufacturer 
recommends otherwise. It is very important that 
the oil level not drop below the LOW mark or 
rise above the FULL mark. 
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Oil Temperature 
Regulator 

The oil temperatuie regulators found moitly 
in diasel ingine lubricating syitemSj prevanti tha 
temperatura of the oil from rising too high in 
hot weather/ The regulator unit (fig. 15-17)^ 
which makas use of th^ water in the cooUng 
system, is made up of a core and a houiing, Th^ 
oora, tjyrough which the oil drculates, is exposed 
to the water which drculatas through the 
housing. As the oil passes through the regulator, 
it is either cooled or heated, depending on the 
temperature of the water in the gooUng system, 
From the regulator the oil enters the oil pass^as 
that lead to the engine p^ts. 

Some miUtary vehicle use an oil cooler 
ViWch consists of a radiator through wWeh air is 
circulated by movement of the vehicle and the 
cooling fan. This radiator^ through whicK oU 
passes to and from the oil pan through tha 
engine pamges* acts only to cool the oil. 



TYPES OF LUBRICATION 
SYSTHtfS 

Now that you are farrular with the 
lubrtcation system in general, you are ready to 
study the .different methods used to circulate oil 
through the engine. The systems used to 
circulate oil are known as splarfi, combination 
splash force-feed, force-fead, and full force-feed. 

Spla^ 

In the splash system^ dippers on the 
connecting rods enter the oil In the crankcase 
with each revolution of the crankshaft and 
splash oil to the upper parts of the anpne. The 
oil thm thrown upward in droplets and mist 
provides lubrication for the valve mechanisms, 
piston pins, and other mo\ing parts. The splash 
system is rarely found on modern engines, 
because its lubricating effect Is too uncertain to 
rnaet today's heavy operating demands. On a full 
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crankcase it could mean overlubrtcation and a 
waste of oilj while on a partly filled crankcase it 
could cause inadequate lubrication and failure of 
the engine, 



Combination Splaih 
Force- Feed 

The combination splash force'feed system 
(fig. 5' 18), as the term implies, depends on oil 
splash and pressure to accomplish engine 
lubrication. The oil pump forces oil under 
pressure to the main and camshaft bearings and 
the valve mechanisms. But the connecting rods, 
the pistons, piston pinSj and cylinder \valli are 
lubricated by dippers splashing oil into the 
troughs underneath the connecting rod bearing 
caps. These troughs are kept filled by the oU 
pumpi which delivers the oil through nozzles. 
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Figure B-l9.^Fors#feid lubrieatiDniystgm. 



Force- Feed 

The^ force-feed (or pressure-feed) systern (fig. 
5-19) forces oil from the crankcase to the main 
bearings, camshaft bearings* and connecting rod 
bearings. The oil enters a line or a channel from 
the pump and then flows to the crankshaft 



bearingSj which in turn feed the oil Into drilled 
paisages in the crankshaft, From these pass^es 
it flows througli holes in the connecting rods. 
The cylinder walls, pistons, and piston pins are 
lubricated by the oil thrown off from the 
connectijig rods. 



Full Force-Feed 




In the full force-faed system (fig. 5-20) all 
beaiingSj as well as the pistons and piston pinSj 
are lubricated by oil under pressure from the 
pump. Oil enters the crankshaft oil parages, 
passes to the connecting rod bearingSj enters 
holes drilled in the connecting rods, goes up 
throufii the rod passages to the piston pin 
bearings^ and helps lubricate both the pistons 
and the cylinder waUs. 



LUBRICATION SYSTEM 
MAmraNANCE 
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Figtjro Combination spash foret-fe#d lubr lotion 

lyttem. 



As a 3rd or 2nd class mechanic^ you will be 
required to maintain the engine lubrication 
system. TTiii maiiitenaiice normally consists of 
changing the oil and Alters. Occasionally you 
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Pjgurs &20.^Fuil farsMied lubrication syitinii 



might be required to parform such maintsnance 
tasks as raplacing lines and fittings, servicing the 
□ii pump and relief valve, and flushing the 
system* The fDllowing discussion provides 
information which will aid you in carrying out 
these dutias. 



Ofland 
Filter Change 



Whenever the engine oil feels pitty whan 
rubbed between your fingers or has no bodys it 
has lost its lubricating qualities and should be 
changed. In any case, oil and filter changei are 
inade in accordance with PM ichedules. On most 
of your aquipment the grade and quantity of the 
oil to be used will be found on a plate or chart 
in the cab. The oil should be chanied more 
frequently in cold weather and in vehicles 
operated under dusty or other very unfavorable 
conditions. Your chief or leading petty officer 
win give you speciflo directions about oil 
changes on such vehicles. 

Dmin the oil only after the engine has been 
run and is warmed up. Thii warmup period will 
thin the oil and stir up the dudge and foreign 
matter in the oil pan. Cold oil is thick and will 



not drain readily, and foreign mattir will tend to 
stick to the sides of the oil pan when the ingine 
is cold. Usually the filter elements are changed 
at the time the oil is changed in the crankqase. 
On new engines it may be changed after the first 
500 or 1000 miles; according to the 
manufacturer's insta^uctions; or according to 
shop poUcy. The filter element should be 
replaced by the type recommended by the 
manufacturer, Be sure to remove the old gasket 
and make sure that the new gasket under the 
cover or in the cmnkcase is properly fitted, 

In replacing the filter element^ remove the 
drain plug from the bottom of the housing, 
MiKtj remove the cover by looiening the center 
bolt or clamp. Now lift out the old elementj and 
wipe the inside of the housing with a clean 
cloth. Some filter housings do not have drain 
plugs. Therefore, you must first remove the 
cover; next remove the filter element and take 
out the dirty oil with a siphon gun; and then 
wipe the inside of the housing with a clean 
lintless cloth. Remove all traces of dirt or lint 
which rernaln inside. Install the new element. 
Finally, replace the drain plug and the cover, 
using a new gasket^ or just the gasket and cover 
on filter housing without drain plugs. 

On the type of filter that does not have a 
replaceable element, disconnect the oil lines to 
the old filters dismount the filter^ Install the new 
one^ and reconnect the oil lines. 

The screw-on type of filter, which is 
disposables has an integral gasket. Installation 
instructions are printed right on the filter or 
included in the carton. Tlie peatest danger with 
this filter is installing it too tight. 

After filling the oil pan with new oil, 
recheck the oil level to be ceftain that the oil 
column reaches the FULL marking on the 
dipstick. Then run the engine for a few minutes 
to insure no leaks exists, particularly around the 
oil filter housing and the oil drain plug. Get Into 
the habit of looking at the ground or pavement 
over which s vehicle has been parked, for any oil 
spots that may indicate leakage. 

Ordinarily, low oil pressure readings may be 
due to thin or diluted oil, excessive heating, an 
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improper grade of oU, or a low oil level in the oil 
pan. If no pressure shows, or if the pressui^ is 
cnatic even afttr rgplacing the old oil with new 
of the proper grade, a defective oil gage may be 
the cause, If so, it is usually better to replace th^ 
entire gage unit than attempt repaii^, 

Persistent low pressure readings or a zero 
reading could point to trouble in the oil pump. 
While a cornplete failure of the oil pump is rare^ 
any wear of its moving parts is likely to impair 
its efficiancy. 

High pressure readings may be observed 
while the engine is Wi^ming up in cold weather, 
before the oil has reached operating 
teniperature. After a brief warmup period the 
gage indieator should return to normal, A. 
persistent high pressure points to the possibility 
of a clogged oil line or a poorly operating 
pressure relief valve. 

Servicing OU Lines, 
FtttLnpj and Strainers 

Oil lines and fittings must be maintained po 
as to correct leakage and loss of oil pressure. 
Where lines are leaking at connections, 
correction can often be made by tightening the 
fittings or coupUngs, being sure to use two 
wrenches as with fuel lines. Leaks in a line^ 
whether flexible or rigid, require replacement of 
the line. Lines showing evidence of cracks or 
deteriDration should also be replaced. 

It is most essential that the oil strainer be 
Kept clean to permit free flow of oil to the 
pump. The need for cleaning is sometimes 
Indicated by lowered oil pressure. When cleaning 
a strairier, you should note any deposits^ since 
they may furnish valuable clues as to the engine 
^ndition. Metal bearing particles^ for exarnple, 
indlcata deterioration of some bearing or 
journah To service the strainer, remove the oil 
pan; clean the fine-mesh bronze strainer using 
solvent and a brush; and then dry mth 
compressed air. If the screen is damaged, it muit 
be replaced. In the case of the floating type 
strainer, you should also make sure it ii not 
binding, 



OU Pump 

and Relief Valve 



Service on oil pumps and most relief valves is 
rather limited, since tjiey are relatively 
trouble-free, Aji oil pump will often still be 
operating effectively when the vehicle is ready 
for ^Ivage. Thus, when low oil pressure or lack 
of oil pressure develops^ you should not 
immediately assume that the purnp is at fault. 
More commonly, the trouble is caused by an 
inaccurate or inoperative oil pressure gage, oil of 
too low viscosity, high engine operating 
temperatures, cracked or clogged lines or 
screens^ or a malfunctioning relief valve. 
However, where the oil pump is found to be at 
fault, it will be necessary to remove it and either 
repair or replace it. Most often the pump is 
replaced with a new or factory rebuilt pump. 

To replace the oil pump, it is first necessary 
to determine its location and method of drive. 
The pump may be located either In the oil pan 
or outside on the lower part of the crankcase, 
and driven either directly by the camshaft or 
indirectly via the distributor shaft- Tho^ driven 
indirectly from the distributor shaft are easily 
replaced regardless or their location. The 
directly driven pumps, on the other hand, pose a 
problem, since they usually drive the distfibutor. 
The procedure for removing and replacing a 
pump of this type is outlined in the vehicle's 
maintenance manuals. The quickest way to find 
out how an engine's pump is driven is to check 
the manual. The next best and most expedient 
method is to lift the distributor and look at its 
shaft. If it has a gear, it drives the pump, and 
removal of the pump will not affect timing. On 
the other hand, if it has a slot or driving lug 
instead of a gear, it's driven by the pump shaft* 
The general procedure in the latter case is to 
remove the distributor cap and cmnk the engine 
until the rotor is aimed at No.l cylinder. Aline 
the timing marks (flywheel or crantahaft front 
pulley), Then proceed with the removal of the 
oil purnp, In raplaclng the pump, simply index 
Its drive gear so that the clutch or driving lug on 
the disttibutor and pump shafts vviU aUne and 
mesh without movement of the disttbutor shaft 
(or at least with a minimum of movement). If it 
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moves, the ipiition muit bcredmed. Under no 
circumstances should you e^er drive or force an 
oil pump into or out of place. Instead^ find out 
what is holding it; a safety pin or burr on a 
casting are the most frequent ciuses. Also, when 
replacing either the gear or rota^ pump, you 
should always fill the pumping chamber with oiL 
TTie pumps need that oil to effect a positive seal 
and to prima tham. A ne^ gasket should be 
used and the retaining screws tightened as 
specified. 

Cleaning and adjusting is all that is usually 
required on the relief valve, although some types 
are nonadjustable. A relief valve is cleaned to 
prevent or to cure sticldng. The plunger or valve 
must be free to move oiie way or the other 
under pressure from the oil or spring. A relief 
valve may be adjusted iri one of two ways. It 
may be done with an adjuitirij screw (having a 
jam or locknut) which eitliar adds or relieves 
pressure on the spring* or it may be done by 
adding or removing shims or by replacing the 
spring with one of a different strength. In either 
case, you should foUoV the manufacturer*! 
recommendations. 



Flushing 
the Systain 



Flushing the lubrication systam is designed 
to keep an engine clean, but can have an 
undesimble effect if used on an old engine which 
has never been flushed. For example, let us 
compare two jeeps (A&B) that ^ have 
accumulated 50,000 miles eaQh. Let's asiurrte 
that jeep A has had an engine flush every other 
oil change vvhile jeep B has never had one. If you 
pve both jeeps a good flushing now, jeep B will 
probably develop what is biown as a *ioose 
engine.'' The engine may rattle, blow smoke and 
leak oil. The reason for this is that jeep A had 
most of its sludge and carbon removed as it 
accumulated, leaving the parts clean and free to 
operate., Jeep B,.on the other hand, was allowed 
to accumulate all this sludge and carbon. This 
accumulation wore metal away on rings, valve 
stems, and so on, and literally replaced the worn 
away metal with sludge and carbon. When you 



flushed the enpne on jeep B, nnost of the sludge 
and carbon buildup was removed, leaving 
excasiiva clearance between parts. So remember, 
periodic flushing wiU aid in prolonging en^ne^ 
Uft. 

The object of flushing is to remove as much 
wbon, sludge, metal panicles, dirt, and so on, 
as possible. Don't expect to get it all; the most 
you do is get the bulk of It, Before attempting 
to flush an engine, remove the filter element, 
clean the filter case thoroughly, and reinstall the 
cover. In the case of some of the modern engines 
using thiowaway filter units, you can use an 
adapter cover in place of the filter or burn out a 
discarded filter unit (removing all the filter 
alenient and cleaning out the ashes) and use the 
case. Another alternative is to use a new 
throwaway cartridge for flushing and then 
leplace It before filling the cjankcase with new 
oil. This is somewhat expensive but is quite 
effective, 

ITie next preparatory to fluihing is to drain 
the eii^ne oil, making sure the engine is hot, like 
you do when making a regular oil change. Then 
replace the drain plug and rnix and pour the 
flushing compound into the engine. The most 
conimon flushing compounds consist of a 
regular lubricating oil mixed with an equal 
quantity of either diesel fuel (No. 1 or 2), 
kerosene, pr solvent. Do NOT use straight diesel 
fmh kerosene, or solvent to flush an engine. 

The compound must be thoroughly mixed in 
a container before it is poured into the engine, 
The grankcase is normally overfilled by 51 to 25 
percent. For example, a 6-quart system should 
have about S quarts of compound used for 
flushing. Flushing may also be accomplished 
with additives. To use these, you perform a 
regular oil change, refilling with a Ughtweight oil 
and then pouring in the additive compound. 
MoimaUy, 1 quart of compound is added per 5 
quart J of crankcase capacity. This varies, so 
follow the initructions provided. For example, 
one manufacturer recommends flushing only 
with a good grade of SAE lOW engiiie oil 

Proceed by starting the engine and operating 
at a fast idle for from 5 to ZO miJiutei. With the 
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Ijgliter oilj the engine will sourid noisier than 
usuaL 'Whila the tngine is running, you should 
constantly monitor or watch the oil pressure 
pgi. TTi^rg will be a noticeabla drop in oil 
pressure. However, if there is a considerable 
drop in pressure, immadiately stop the engine. 



By the same token, if there is a sudden and 
marked increase in pressure, stop the engine, 
since this indicates clogghig of an oil line. This 
would require cleaning all the oil pasiages, 

Always check with your supervisor about 
whether an engine needs fluihing or not, 
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CHAPTER 6 

AUTOMOTIVE ELECTRICiTY: PARTI 



The elactricaJ systems on equipment used by 
the Navy are desipied to perform a variety of 
functions. Some electrical systems may have 
only one circuit vvhUe the more confiplex ones 
could contain the five circuits illustrated in 
figure 6-1, In this chapter we will discuss the 
charginl circuit components in detaiL The 
remaining circuits illustrated in flgure 6-1 will be 
discussed in chapter 7. 

To understajid the electrical equipment 
described in this training manual, you must be 
familiar ^\ith the fundamentals of magnetism 
and the flow of current. Chapter 2 of Basic 
Electrtdty, T^AyPERS 10086-B. contains a 
detailed explanation of electrical theory. Only a 
briaf review of soma of the principles of 
electricity will be given in this chapter so that 
you may have a better understanding of how 
and why automotive electrical units function the 
way they do. Unless you have a clear 
understanding of the fundamentals of 
electricity, you will find it difficult to 
understand and service the various electrical 
units in this chapter aiid the one which follows. 



ELECTRIC CURRENT 

Early scientists assumed the direction of 
flow of an electric current to be from a 
positively charged temiinal to a negatiyely 
charged tarminaj. 

TTii present day theory is referred to as the 
ELECTRON rHEORY, According to the 
electron theory, electric current flow is a 
movement of electrons vdthin a conductor 
moving from the negative to the positive 
terminal of an electrical circuit. Thus, when we 
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talk of electric current, we mean electrons In 
motion. 

When electrons flow In one direction onlVf 
the current is called DIRECT CURRENT (d^). 
A direct current is the movement of free 
electrons from atom to atom along the 
conductor. The electrons flow out of the 
negative termind of the source ^ through the 
load, and back to the positive termLnaL The 
circuit is completed throu^ Uie source, and the 
direction of current is always one way In all 
parts of the circuit. 

An ALTERNATING CURRENT (a-c) 
consists of electrons that move first in one 
direction and then in the other. TTiismay sound 
Uke a Qon tradictlon of the electron theory. 
However, in alternating current, the positive 
terminal and the negative terminal of the source 
actually change polarity as the direction of the 
electron flow changes. In standard 60-oycle 
house cuirentj for instance, the positive and 
negative tannlnals of the source will change 
polarity 60 times in 1 second. 

CONDUCTORS 

Conductors pennit the motion of a large 
number of electrons. Copper is a good 
conductor because it has many free electrons* 
Electrical energy is teansfen'ed through 
conductors by electrons that are freed from 
their orbits and travel from atom to atom inside 
the conductor. Each electron moves a very short 
distance to a nearby atom, where it replaces one 
or more electrons by forcing them out of their 
orbits. The replaced electrons repeat the process 
on other nearby atoms until the electrons are in 
motion throu^out the entire length of the 
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IGNITION CIRCUIT 



ACCESSORY CIRCUIT 




STARTING CIRCUIT 



LIGHTING CIRCUIT 



Figura Eleetrical cirguits. 
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conductor. The peater the number of electrons 
that can be made to move in a material under 
the application of a given force, the better are 
the conductive qualities of that material. Silver, 
copper, aluminum^ zinc, brass, and iron are all 
good condugtors of electrons, and therefore of 
electricity. 

INSULATORS 

In contrait to good conductors, some 
substances, such as rubber, glass, and dry wood 
have very few free electrons. In these materials 
much anergy must be spent to set the free 



electrons in motion. Materiais that do not have 
many free electrons are called poor conductors, 
nonconductors, or insulators. Actually, there is 
no shaip line between conductors and insulators, 
since electron motion is known to exist to some 
extent in all matter. Electricians simply use the 
best conductors to ca^y cuirent where It is 
wanted and the pooreit conductors to keep 
current from unwanted places. 

AMPERAGE AND VOLTAGE 

Cunent floWj or electron flow, is measured 
In amperes. While we normally consider that one 
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ampere is a rather small current of electricity (it 
is about what a lOO-watt li^t bulb would 
draw), it is actually a fremendous flow of 
electrons. More than 6 billion electrons a second 
are required to make up one ampere. 

Before an electric current can flow through a 
wire there must be a source of electric 
"pressure/' just as you must have a pump to 
build up water pressure before water will (low 
through a pipe. This electric pressure is known 
as ELECTROMOTIVE FORCE (emO or voltage. 
This force may be supplied by a generator or 
storage battery. 

The higher the voltage goes, the greater the 
electron imbaiance becomes within the current. 
The peater this electron imbalance, the harder 
the push on the electrons (more electrons 
repelling each other) and the ^eater the cuirent 
of electrons in the circuit. When there are many 
electrons concentrated at the negative terminal 
of a generator (with corresponding lack of 
electrons at the positive terminal), there is a 
much stronger repelling force on the electrons 
and, consequently, many more electrons moving 
in the wire. This Is exactly the same as saying 
that the higher the voltage, the more electric 
current wiU flow in a circuit, all other thingij 
such as resistance 5 being equal. 

RESISTANCE 

Even though a copper wire will conduct 
electricity with relative ease, it still offeri 
resistance to the flow. It takes force (or voltage) 
to move the elt^ctrons along the wire. This 
resistance to electron (or current) flow is 
expressed in ohms. The resistant of a wire 
varies according to its length, diameter, 
composition, and temperature. 

Many electrical troubles on automotive 
equipment result from increased resistance in 
circuits due to bad connections, deteriorated 
wiring, dirty or burned contacts in switches, and 
so forth. With any of these conditions, the 
resistance of the circuit goes up and the ampere 
flow through that circuit goes down. Bad 
contact points in the ipiltlon circuit will reduce 
current now in the circuit and cause weak sparks 
at the spark plup. 

1 
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If the resistance stays the same but the 
voltage increases, the amperage also increases. 
This is a condition that might occur if a 
generator voltage regulator became defective. In 
such a case, there would be nothing to hold the 
generator voltage within limiti, and the voltage 
might increase exce^ively. This would force 
excessive amounts of current through various 
circuits and cause serious damage. If too much 
current were to go through the light bulb 
filaments, for example, the filaments would 
overheat and burn out. AJsOj other electrical 
devices probably would be damiged. 

On the other hand, if the voltage Is reducedj 
the amount of current flowing in a circuit will 
aJio be reduced if the resistance stays the same. 
For example, with a rundown storage batterys 
battery voltage will drop excessively with a 
heavy discharge. When you try to start an engine 
wth a rundown storage battery, the voltage wUl 
drop so low that it cannot push enough current 
through the cranking motor for effective starting 
of the engine. 

MAGNETISM 

TTiere are many facts relating to magnetic 
forces and many applications of magnetic 
principles which are responiibla for the 
Improvements made in electrical systems. 
Without the effects of magnetism^ there would 
be no generatori for charging batteries or motors 
for starting engines. 

MAGNETIC FIELD 

The property or condition of space around a 
magnet is called a magnetic field. Within the 
magnetic field there is a force exerted upon any 
piece of magnetic material that is placed in 
pro3dmity to the m^net, If you were to place a 
piece of glass on top of a bar magnet, then 
sprinkle iron fllingi on the glasSj you would see 
that the filings would be arranged in curved 
lines. (See fig, 6-2.) These curved lines, 
extending from the two poles of the magnet 
(north and south), follow the MAGNETIC 
LINES OF FORCE iurrounding ttie magnet. 
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Figure 6=2.— Magnttic llnis ©f forsg of a bar magnet at 
shown by iron filings. 



Tliis behavior is characteristic of all types of 
magnets. The paths through which these lines of 
force flow are known as magnetic circuiti or 
magnetic lines of force. 

The magnetic fields of a bar and of a 
horseshoe magnet are shown in figure 6-3. In 
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each case notice how the lines of force curve and 
pass from the north to the south pole, 

When two unlike magnetic poles are brought 
together, thay attract. But when like magnetic 
poles are brought together, they repeL Other 
important characteristics of magnetic lines of 
force are that they cannot be insulated, and they 
wiU never cross each other. They cannot be seen 
or felt, but they are ever present. 

ELECTROMAGNETISM 

An electric current always produces a 
magnetic field. The magnetic field produced by 
current flowing in a single loop of wire is shown 
in figure 6-4. In a straight wire the magnetic 
lines of force merely cirGle the wire, but in 
figure 64 they must follow the curve of the 
wire. If two loops are made in the conductor, 
the lines of force will circle the two loops (fig. 
6-5). In the area between the adjacent loops, the 
magnetic lines are going in opposite directions. 
In such a case, since .they are of the same 
strength (from the same amount of cun-ent 
traveling in both loops), they cancel each other 
out. TTie lines of force circle the two loops 
almost as though they were a single loop. 





*^1*6 81,122 
Figuri 6'3.-Mignitic fieldi of s Nr ai^ horidshc^ Figurs M.-Magnetia fteld In m loop of wire ^fryihg 
magnft oirrent, 
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However, the lines of force will be twice as 
strong since the lines of force of the two loops 
combiiia. 

When many loops of wire are fomied into a 
rail as shown in figure 6-6* the lines of force of 
all loops combine into a pattern that greatly 
resernblas the m^etic field surrounding a bar 
magnet. Fixing an iron core in the coil increases 
the intensity of this magnetic force. Such a 
conflguratioii is called an electromagnet. 




81.123 

Fif^ri S'&^IMasnetle fisid in two adjoining loops 
of wire. 
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Fl^^rt &€.^Magntti€ f itld in an eliWoma^it 



The field coils of generators and cranking 
motors, the coils in electric gages, even the 
windings in a motor armature can be considered 
to be electromagnets. AH of these produce 
magnetism by electrical means. 

ELECTROMAGNETIC INDUCTION 

Current can be induced to flow in a 
conductor if it is moved through a magnetic 
field, In figure 6-7j the wire is moved downward 
through the magnetic field between the two 
magnetic poles, As it moves downward ^ cutting 
Unei of force, current Is induced in it. The 
reason for this is that the lines of force resist 
cutting, and tend to wrap around the core as 
shown. With lines of force wrapping around tha 
wire, cuffent is induced. The wire movement 
through the magnetic field produces a m^netic 
*-whirr' around the wire, which pushes the 
electrons along the wire. 

If the wire Is held stationary and the 
magnetic field is moved, the effect is the sarne. 
All that is required is that there be relative 
movement between the conductor and the 
magnetic lines of force to produce enough 
voltage to move the electrons along the 
conductor. 

The magnetic field can be moved by moving 
the magnet. Or, if the magnetic field Is from an 
electromagnet, it can be moved by starting and 
stopping the current flow In the eIectroma|j|et. 
Suppose you had an electromagnet such ar%e 
one shown in figure 6-6, and held a wire close^&i 
it. When you connect the electromagnet to^ii 
battery, cuirent will start to flow through it. 
This current, as it flows, builds up a magnetic 
field. This m^netic field might be considered to 
expand and move out from the electromagnet 
As the lines of force move out, they will be cut 
by the wire. This wire will therefore have 
current induced in it, If the electrom^net is 
disconnected from the battery, these lines of 
force will disappear and current wUI stop 
flowing in the wire. 

It can be seen now that cu^ent can be 
induced in a wire by three methods: (1 ) the wire 
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WIRE 




Fi^rt 6^7.^urrent Mumdi by ^latromagnette Induction. 
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OTi be moved through tha itotionary mign^tic 
fiald (the principle applied in a d-cg©nemtor, (2) 
the wra ean be held stationary md the magnet 
cm be inov^ so the field is oarried past the wm 
(the principle appUad In an a-c genarator)^ or (3) 
the wire and altctromagnat can both be hald 
stationary and the euirent turned on and off to 
€M\m the ma^atic field to build up and goUapsa 
io that the magnetic field moves one way or the 
other aero^ the wire (tha principle applied in an 
ignition coil). 



STORAGE BATTERY 

TTie storage battery is the heart of the 
Qharging circuit. Tha type used in automotivep 
instruction, and wei^t-handUng equipitient Is 
a laad-acid call-type battery. It is not a storage 
tank for electridty but actuaU^^ stores energy in 
a chemiQal form. The battery acts as a stabUiEer 
to the voltage of the electrical system and may , 
for a limited time, furnish current when the 
el^frical demands of the vehicle exceed the 
generator Dutput. 

Active materials wthin the batteiy react 
chemic^ly to produce a Row of direct cuirent 
whenever lights, cranMng motor, or other 
current wnsuming devices are connected to the 
battery posts, TWs current is pioduced by 
chemical reaction between the acttva materials 
of the plates and the sulfuric acid of the 
elecfrolyte. 



BATraRY CONSTRUCTION 

A typical lead-acid storage battery is shown 
In flguio 6-8. Uke most batteries it consists of a 
molded container with individual ceU 
compartments, cell alamants, cell connectors, 
cell covari, terminal posts, and vented fiUar caps' 
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Figur© i-§.--Call Gonffuetion of a ttarags ^nmy. 
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The container Is made of molded hard 
nibber, plastic, or bituminoui inateriaL It must 
wthstand shock and vibration as well as the heat 
of the engine compartnient. Each cell 
compartment has rests to support the elemanti 
and space for an adequate supply of electrolyte. 
An area between the element rests allows for 
any materia from the elements to settle without 
contacting the elements and causLng an intemaJ 
short. 

The cell elements contain two kinds of lead 
plates, known as positive and negative. These 
plates are insulated from each othir by suitable 
separators made of microporous, nonconductor 
material (usually porous rubber or spun glass) 
and are submerged in a sulfuric acid solution 
(electrolyte). 

The newer designi of batteries have a single 
cover that extends over all cells, In many of the 
batteries only the filler caps and the terminal 
posts protrude from the cover. In other batteries 
having a single cover, only the filler caps extend 
above the cover; the termiJial posts extend 
through the side. The latest deiigns of batteries 
are the so-called main ten an ce= free batteries 
which have no means of checlcing the electrolyte 
or adding water. 



BATTERY CAPACrTY 



The capacity of a battery is measured in 
ampere-hours. The ampere-hour capacity is 
equal to the product of the current in amperes 
and the time in hours during which the battery 
is supplying this current. The ampere-hour 
capacity varies inversely with the discharge 
current. The size of a cell is determined 
generally by its ampere-hour capacity. The 
capacity of a cell depends upon many facton, 
the most important of which are (1) the area of 
the plates in contact with the electrolyte; (2) the 
quantity and specific p-avity of the electrolyte; 
(3) the type of separators; (4) the general 
condition of the battery (degree of sulfating, 
plates buckled, separators warped, sediment in 
bottom of cells, and so forth); and (5) the final 
limiting voltoge, 



BATTERY RATENCS 



Storage batteries are rated by their 
VOLTAGE and their AMPERE-HOUR 
CAPACITY. Each cell has a rated output of 
approximately 2.0 volts per cell. To get higher 
voltage from the battery, just connect more cells 
in series. The common storage battery comes in 
multiples of 2 volts, such as 6-volt and ll-volt. 

Standard automotive batteries have a 
20-hour discharge rate. The 20-hour discharge 
rate of a battery is equal to the constant current 
in amperei which the battery, starting with an 
initial electrolyte temperature of 80^ F, can 
supply continuously for 20 hours before the 
voltage has dropped to the low voltage limit at 
which the discharge should be stopped. For 
exampleg a battery rated by the manufacturer as 
a 6-volt 1 20-'ampere-hour (Ah) capacity would 
be discharged at 1/20 of 120 or 6 amperesj until 
the voltaie has dropped to its specified limiting 
voltage. Hie number of hours requu'ed for the 
discharge (20) multiplied by the rate of 6 
OTperei would give you a battery rating of 120 
ampere-hours. Tlie voltage and ampere-hdur 
rating of a battery may be stamped on the 
battery case. 

As a storage battery discha^eSj the sulfuric 
acid is depleted and the electrolyte is ^adually 
converted into water. This action provides a 
guide in determining the state of discharge of 
the lead -add cell, The electrolyte that is usually 
placed in a lead-acid battery has a specific 
gravity of 1.350 or less. Generally, the specific 
^vity of the electrolyte in Navy portable 
batteriei is adjusted between 1.210 and L280, 
but may be as hlgli as 1 .300. 

The specific gravity of an electrolyte is 
actually a measure of Its density. The electrolyte 
becomes la^ dense as its temperature rises, and 
more dense as its temperature falls. Thus, a high 
temperature means a low specific gravity and a 
low temperature means a specific gravity. 
I^e hydrometer that you use is marked to read 
specific pa^ty at only one tempefature 80^ F. 
Under normal conditions the temperature of 
your electrolyte will not vary much from this 
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mark. However, large changes in temperature 
require a correctioii in your reading. 

For EVERY 1 O^degree chanp in 
tampemture above 80^F, you must ADD O.O04 
to your specific pavity readuig. For EVERY 
1 0-depee change in tempemture BELOW SO^F, 
you must SUBTRACT 0.004 from you ipecinc 
gravity reading. Suppose you have just taken the 
p-avity reading of a c^lL The hydrometer reads 
L280. A thermometer in the cell indicates an 
electrolyle temperature of 60" F. That is a 
difference of 20 degrees from the noimal of 
80 F To get the true paviry reading vou must 
subti*.jt 0,008 from L28i Thus the spedfic 
pavity of the cell is actually L272. A 
hydrometer conversion chart similar to the one 
shown in figure S-9 is usually found on the 
hydrometer. From it you can obtain the specific 
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pavity correction for temperature changes 
above or below SO^F. 

bathery CHARomo 

A hydrometer reading below L240 specific 
myity it 80- F is a danger signal, and if 
obtained, the battery should be removed and 
charged. Except in extremely vvarm climates^ 
never allow the ipecific gravity to drop below 
1 .225; in tropical climates this reading indicates 
a fully charged battery. 

Recharge immediately a rundown battery 
which is brouj^t into the shop. TTiere are several 
methods for charging batteries; only direct 
current is umd with each method. If only 
alternating current is available, a rectifier or 
motor generator must be used to convert to 
direct cuirent. TTie two principal methodi of 
charging are (1) constant current, and (2) 
conitant voltage (constant potential). Constant 
cuirent charging may be used on a single battery 
or a number of batteries in series. Constant 
potential charging is used with batteries 
connected in paralleL (A parallel circuit has 
more than one path between the two source 
teminali; a series circuit is a one-path circuit.) 
You know both methods, although the latter is 
more often used. 

Constant Cu^em Chafging 

With the constant current method, the 
battery Is connected to a charging device that 
suppUes a steady flo%v ot cumnt. Ilia cha-ging 
device has a rectifler (a gas-mied bulb or a series 
of chemical diski), which allov/i the cu^Trenl: to 
flow only one way; thus, the alternating cumnt 
is, changed into direct current. A rheostat 
(resistor for regulating current) of some idnd is 
usually built into the charger so that you can 
adjust the amount of current flow to the 
battery, Once toe rheostat is set, the amount of 
cuirent remains constant. TTie usual charing 
rate is 1 amp per positive plate per cell, TTiUs, a 
21 -plate battery (which has 10 positive plates 
per cell) should have a charging rate no greater 
than 10 amps, When uang this method of 
chaiiing a battery, you should check the battery 
frequently, particularly near the and of the 
ch^ifpng period. Whm the battery is gasang 
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freely and the specific cavity rernains constant 
for 2 houfi, you can aisume that the battery will 
take no more charge. 

The maiii disadvantage of constant current 
charging is: THE CHARGING CURRENT 
REMAINS AT A STEADY VALUE UNLESS 
YOU CHANGE IT. A battery charged with too 
high a current rmte will overheat and damage the 
plates, making the battery usfleis. Do NOT 
allow the battery temperature to excedd 110^ 
while charpng. 

Constant Voltage Qiarging 

Constant voltage eharglngi also known as 
constant potential charging, is usually done with 
a motor-generator set. The motor drives a 
generator (similar to a generator on a vehicle); 
this generator produces current to charge the 
battery. The voltage in this type of system is 
usually held constant. With a constant voltages 
the charging rate to a low battery will be high. 
But as the battery approaches full charge, the 
opposing voltage of the battery goes up so that 
it more itrongly opposes the charing current. 
This opposition to the charging current indicates 
that a smaller charging is needed. As the batteiy 
approaches full charge, the charging voltage 
decreases. This lessens the ability to maintain a 
charging current to the battery, As a result, the 
charging current tapers off to a very low value 
by the time the battery is fully charged. This is 
the principle of operation of the generator and 
voltage regulator on a vehicle. 

Good Chaining Practices 

It is easy to connect the battery to the 
charger, turn the chargljig current on, and, after 
a normal eliar^g period, turn the charging 
current off and remove the battery. Certain 
precautions, however, are necessary both 
BEFORE and DURING the charing period. 
They are: 

1 . Clean and inspect the battery thorou^ly 
before placing it on charge. Use a solution of 
baking soda and water for cleaning; and inspect 
for cracks or breaks in the container. 
CAUTION: Do not permit the soda and water 
solution to enter the cells. To do so would 
neutralise the acid withijn the electrolyte* 



2. Connect the battery to the charger. Be 
sure the battery terminals are connected 
properly; connect positive post to positive (+) 
terminal and negative post to negative (-) 
terminal. The positive terminals of both battery 
and charger are marked; those unmarked are 
negative. The positive post of the battery is, in 
most cases, sli^tly larger than the negative post. 
Insure all connections are tight. 

3. See that the vent holes are clear and 
open. DO NOT REMOVE VENT PLUGS 
DURING CHARGING. This prevents acid from 
spraying onto the top of the battery and keeps 
dirt out of the cells. 

4. Check the electrolyte level before 
charging begns and during charging. Add 
distilled water if the level of electrolyte is below 
the top of the plate. 

5. Keep the charging room well ventilated. 
DO NOT SMOKE NEAR BATTERIES BEING 
CHARGED. Batteries on charge release 
hydrogen ps. A small spark may cause an 
explosion. 

6. Take frequent hydrometer readinp of 
each cell and record them. You can expect the 
specific gravity to rise during the charge. If it 
does not rise, remove the battery and dispose of 
it as instructed by your chief ExGept for minor 
external repairs, batteriei are seldom repaired in 
the maintenance shop. 

7. Keep a close watch for excessive gassing, 
especially at the very bepnning of the charge 
when using the constant voltage method. 
Reduce the charging current if excessive gassing 
wccuira. Some gassing Is normal and aids in 
remixing the electrolyte. 

8. Do not remove a battery until it has 
been completely chajt^ed, 

SELF-DISCHARGE 

Discharge takes place in wet, lead-acid 
storage batteries even when they are not in use. 
The mte of discharge varies with temperature 
and specific gravity of the electrolyte. 
Self discharge changes the specific gravity of the 
electrolyte, Just as normal discharge does. 
Inactive charged batteries should be checked 
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^riodically and recharged if necessary. This is 
especially important in cold weather to prevent 
freezing. At MOO specific pivlty the 
electrolyte freezes at IS'F; at 1.220 it freezes 
at -31 F. A fully charged battery (specific 
pavity L285) wUl not nomally freeze imtil the 
tempefature reaches approximately -9S^F, 

PLACING MEW 
BATTERIES IN SERVICE 

New batteriei may conie to your unit full of 
electrolyte and fully charged. In this case, all 
that is necassary is to properly install the 
batteries In the equipnient. Most batteries 
shipped to SEABEE units, however, are received 
charged and dry. 

Charged and dry batteries will retain their 
state of ftill charge indefinitely so long as 
moisture is not allosved to enter the cells. 
Therefore, batteries should be stored in a dry 
place. Moisture and air entering the cells will 
allow the negative plates to oxidize, thus losing 
their charge. 

To activate a dry battery, remove the 
restrictors from the vents and remove the vent 
caps. TTien fill all the cells to proper level with 
electrolyte. Best resulte are obtained when the 
temperature of battery and electrolyte is within 
the range of 60^F to 80" E Some gasiing will 
occur while you are niling the battery due to the 
release of carbon dioxide, a product of the 
drying process, or hydrogen sulflde, caused by 
the presence of some free sulfur. Therefore, the 
filling operations should be in a well-ventilated 
wea. These gases and odore are nornial and are 
no cause for alarm. ' ^ 

Approximately 5 minutes after adding 
electrolyte the battery should be checked for 
voltage and electrolyte strength. More than 6 
volts or more than 1 2 volts, depending upon the 
rated voltage of the battery, indicates the 
batteiy is ready forseivice. From 5 to 6 volts or 
from 10 to l2vo!rs indicates oxidized negative 
plates and the batttv^qr should be charged before 
use. Less than 5 or !«ss than 10 volts, depending 
upon, the rated voltage, iridii-ates a bad battery 
which should not be placed in service. 



more than .030 points lower than it was at the 
time of initial filling, or if one or more cells gas 
violently after adding the electrolyte, the 
battery should be fully charged before use. If 
the electrolyte reading fails to rise during 
charging; discard the battery, 

Most shops receive ready-mixed electrolyte. 
Some units may still get concentrated sulfuric 
acid that must be mixed with distilled vvater in 
order to get the proper specific gravity for 
electrolyte. 

MIXING ELECTROLYTE is a dangerous 
job. You have probably seen holes appear in a 
uniform for no apparent reason. Later you 
remembered replacing a storage battery and 
having carelessly bruslied against the battery. 
When mixing electrolyte, you are handling pure 
sulfuric acid which can bum clothing quickly 
and severely burn your hands and face. Alvv^ays 
v^ear rubber gloves, an apron, and gosgles for 
protection against splashes or accidental spilling. 
If you or one of your mm is accidentally burned 
by acid, keep calm and apply FIRST AID. Fiist, 
"douse the burned area with Jarge amounts of 
water to remove most of the acid. Than apply a 
solution of baking soda and water, or ammonia 
and water, to neutralize any remaining acid. 
Check In immediately to the nearest dispensary 
for further treatment. 

New batteries may be accompanied by acid 
of IJ35 specific gravity or electrolyte of L400 
specific gravity. It will be necessaiy to dilute 
these with distilled water to reduce the 
electrolyte to the proper specific p-ayity for the 
climate in which the battery will be used. If 
distilled water is not available, use rainwater 
which has been stored in nonmetallic containers. 
The container in which the acid is diluted should 
be made of ^ass, earthenware, or lead. Such a 
container will resist acid and the heat generated 
during the mixing operation. 

When mixing, NEVER POUR WATER INTO 
THE ACID. ALWAYS POUR ACID INTO 
WATER. If water is added to cor?oentrated 
sulfuric acid, the nibcture rnay tjxplode or 
splatter aiid cause severe burns, Pour the acid 
into the water slowlv, .^timn^-^^ pp^nflu hnt 
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Figure 6-10 shows you how much water and 
acid to mix for obtaining a certaJn specifie 
gravity. For exaniplei an electrolyte of 1,300 
specific gravity is produced by rnixlng five parti 
of water to two parts of acid, \vhen storting with 
U35 specific pavity acid. If you use 1.400 
specific gravity acids two parts water and five 
parts acid will ^ve the sarne reiults. 

Let the rnixed electrolyte cool to room 
temperature before adding it to the battery cells. 
Hot electrolyte will eat up the cell plates 
rapidly. To be on the safe side, do not add the 
electrolyte If its temperatiire is above 90^ F. 
After filUng the battery cells, let the electrolyte 
cool again because more heat is generated by its 
cofitact with the battery plates. Nexts take 
hydrometer readinp. 

The specific gravity of the electrolyte will 
correspond quite closely to the values on the 
mixing chwt if the parts of water and acid are 
mixed correctly. 

BATTERY MAINTENANCE 
AND TESTING 

Battery maintenance and testing should 
always begin with a thorough visual inspection. 
Look for signs of corrision on or around the 
battery. Clean the top of the battery with a stiff 
bristle bnish being careful that the particles you 
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brush off do not get on your skin or clothing. 
Wpe the top of the battery off with a cloth 
moistened with either ammonia or baking soda 
dissolved in water; be careful not to allow 
cleaning solution to enter the battery. 

Remove the cables and inspect the terminal 
posts to see if they are defonned or broken. 
Clean the terminal posts and the inside surfaces 
of the cable clamps before replacing them on the 
terminal posts. Inspect the battery holder 
(cradle) and the battery holddown device. 
Inspect the battery for a cracked or bulging case 
and the sealing compound on top of the battery 
for leaks or cracks. 

Remove the vent cap from each cell and 
check the electrolyte level of the battery. Make 
sure the vents in the vent caps are free of any 
obstructions. 

The state of charge may be tested with a 
hydrometer or a ''light load tester." The light 
load or open circuit voltage (OCV) tester is an 
electrical substitute for the hydrometer and is 
eipecially convenient when the electrolyte Is 
low. It is fast and simple to use, ft Is nothing 
more than an expanded scale voltmeter with 
readinp from l.SS volts to 2.25 volts. If a 
battery has been receiving a charge it will have a 
surface charge that vnll cause the cell voltage to 
be abnormally high. Remove the surface charge 
by tuming on the headlights or some other 
electrical unit for approximately 1 minute 
before making a light load test. 

If the battery has been on discharge 
ijnmediately prior to testing^ it must be allowed 
to stand long enough to stabilise before making 
the test; otherwise, an abnormally low reading 
will be obtained. 

The procedure for testing the battery state 
of charge will be gyen on the dial of the tester 
or in the manufacturer's manual for the tester 
you have. 

The battery load test is recommended by 
most battery manufactuers. TTiis test indicates 
how well the battery will perform under norrnal 
cranking load conditions. A BATTERY- 
STARTER tester is the instrument used to make 
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pmper oparsting procedures for the type 
of tester you have available, Improper operatlori 
of electrical test equipinent may result in serious 
damage to the test equipment or the unit being 
tested. 

BATTERY SHOP SAFETY 

Ventilation or the batte^ shop is important 
to your well-being. Wake sure there is sufflcient 
Ventilation to carry off fumes before they can 
cause any 111 effects. There is also danger of 
explosiDn where ventilation Is poor. (See figure 
6^1 L) Do not snioke or cause a spark in the 
battery room. Never connect or remove batteries 
while tha charger is opemting. 

If acid splashes in your eyes wash it out with 
waten Deluge showers and eye-wash fountains 
should be provided in the immediate vicinity of 
all batiery maintenance and electrolyte handling 
operations. When these devices are not available^ 
make sure you use care in putting water into the 
eye. Turn the head to one side in such a position 
that the water will drain to the side of the head 
and not toward the other eye. 

Burns cause shock and infection. Pronipt 
first aid will lessen shock and help prevent 




infection. Burns may be caused by contact with 
acid or with live equiptnent. 

An idea has become widespread that the 
voltage in a 115-voIt line is too low to be 
hamful Actually, most of the fatalities that 
have occurred in the Navy frern slactrical shock 
have been due to the victinri^s contact with a 
ll5-volt line. Even a currejit aJ low as 1/S 
ampere can be dangeroui given the right 
conditions of defective insulatioii or dampness. 
Treat every electrical circuit, even those as low 
as 35 volts, asB potential iource of danger. 

If a person conies into contact with a live 
circuity OTir^edJately deenergize the circuit. If 
this is not po^sible^ us^ a wooden stick or pole 
to frm the person from contact with the 
conductor 

Eleislric xhmk usually will stun the nerve 
center at ^b^* hme of the brain causing the shock 
vsctini to mop breathing. Us^ any approved 
mechanical rcsuscltator to restore breatWng, but 
do mt waste tinie waiting fof one. Begin 5t once 
to give wftificfal respiration and continue until 
medical aid arrives. 



GENERATOaS 

The generator is a machine which applies the 
principle of electromagnetic induction to 
convert mechanical eneriyj lupplied by the 
enSne, into electrical energy. The fienerator 
reitores to the battery the energy that has been 
used up in cranking the enpne, Whether the 
eneriy required for the rest of the electrical 
system is supplied directly by the generator, by 
the batteiy, or by a combination of both, 
depends on the conditions under which the 
IBJierator is operating* 

There are two types of generators used in 
automotive, construction, and weight handling 
equipment, "nie d-c generator supplies electrical 
energy directly to the battery and/or electrical 
s>^tem through various resulating devices 
Cexplained later). TTie a-c pnerator (alternator) 
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The essential parts of a direct-currant 
genera tor are the irmature coll, commutator 
with brushes, and a itationary fiald coiL A 
simple d-c generator is illustrated in figure 6-12, 
Tht coniniutator is a ring split into two 
segmentSj vrhlGh are insulated frorn each other 
so ttitt no eleetrical contact is priserit between 
my part of the commutator of arniature. The 
dial and pointer in figures 6-12 and 6-13 
rapieient a galvanometer, an iristruinant for 
measuring small amounti of electric current. 
Notice how the two brushes are mouiited on 
opposite sides of the split ring to permit each 
bmih to be in contact with eaci. L^egment as the 
armature turni. 



41J 

Figure i^l^^^A sinipii difect^urrsm gtriafator. 



In view A of figure 6-13, tha arniature is 
rotatiiif clockwise; th^ black seimant of the 
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armature is jmoving toward the north pole, and 
the whiti legrnent ii moving toward th© south 
pel©. Botli sagniants of tha amiature are parallel 
to thfe Unas of force but not cuttuig across aiiy 
line; tharafore* no voltage Is indicated by the 

In vitv^ B, the armature has rotated 90 
degraes. Both segments of the armature are 
cutting across the lints of force and the voltage 
is at niajciiTiUjTi by the plvanometar. 

In view^s A and C, no lin^s of fbrce are baing 
crossed; therefore, we have a turn feading on the 
plvan'brneter* indicating iio /aiLage. In views B 
and D; both segrnent^ of the amiature are 
cutting a^oss the liim ?f forQe, thereby 
inducing maxinnum voltage. 

In studying figure 6-13, note carefully that 
in vie^i B, the black bmsh is In contact with the 
black segitierit of the armature and the while 
brush is in contact with the white segment of 
the arrnatiire; at view C, the black brush i$ 
sUpping off the black segment onto the white, 
while at tjie same iiistant the %MtG brush is 
cornijig intp contact with the hlmk segment. 

This svdtching of commutator sagmenti also 
switches th€ segiriBnts of th^ anntture. In this 
way the BLACK BRUSH IS AXWAVS IN 
CONtACT WITH THE SEGMErr MOVING 
DO^N^VARD and thi WHITE BRUSH IS 
ALW^AYS Iti CONTACT WITH THE SEGMENT 
OF THE ARMATURE MOVING UPWARD. 
Thouih the ctUTent actuaUy reverses itself in the 
looprit al^vays flows in the same direction 
(direet ouiTsnt) outside the genera tor* 

Many loops, or turns, of we are required in 
the arniatiire for tht genemtor to produ^ any 
appredable artiount of Qurrent and an even flow 
of du/ient, Figure 6-14 shoM^ an armature in 
pla-c. in a generator. Notice that many turiis ari 
used in the armature windinis* The wiiidlnis are 
assembled Into a soft iron core because the iron 
is more parnn^ble (conductive of m^netlc lines 
of force) than other substances tiiat couJd be 



to the overlappini of power impulses in an 
8»cy Under engine. 

The puiposa of the field winditi|S (fiiid coil) 
(ng. 6T4) is to increase the strength of the 
magnetic field so that more cumnt wU be 
induced in the armature windings as the 
armature rotates. There are two types of field 
clrcuitii determined by the point at w^hich the 
field circuit is pounded. One circuity rafeiTed to 
as thi **A*' circuit, ihunts the fleld cun^ent from 
insulated brushes through the flald raiding 
groundlni externally at the regulator. In the 
other, the **B" circuit, the field current is 
shunted from the armature series winding in the 
regulator to the generator field Mndings, 
pounding internally within the genefator, 

^e three bade design factors that dateimlne 
a generator*! output are the speed of armature 
rotation, the number of amature conductors, 
and the strength of the m^natic field. Any one 
of these deMgn factors could be used to control 
the generator voltage and eun-ent, Mowevar, the 
wiinplest method is to determine the strength of 
the magnetic field and thus limit the voltage and 
current output of the generator. 



Generator Output Control 



Since the voltage produced in a d< ganerator 
k depindeiit upon the amount of current in the 
fields and the nuniber of Unes of force that are 
cut per second, the voltagi will naturally 
increa^ with the speed. Regulatori are of two 
types, functioning to regulate either voltage or 
cuirent. The voltage regulator ftgulates the 
voltage m the electric system and prevents 
eKce^iv© voltage, which would cause diniaie to 
the elfctric units and overchaige the battery. 
The cuirent regulator is a current Uniiter; it 
prevents the generator output from inorearing 
beyond the utid output of the generator- 
Regulation of voltage only might he 
satisfactory from the standpoint of the battery; 
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Figurd S-14i--S€gtiondl vliwof a d-a gtnirator. 



and voitage controls are used in a cliargiiig 
system. 

In most ^ppUcationSi a regulator asiembly 
consists of a cutout ralay, cuffent regulator^ and 
voltage regulator. Bach unit contains a Siparat© 
core^ coil and set of contocts. (Sea fig, 6-15.) 
Tha regulator assambly providis full conG*ol of 
the shunt-type ginerator under all conditions. 
Either the current reiulator or the voltage 
regulator may be operating at any one Uma, but 
in no case do thiy both operate at the lame 
time. 



voltage ii not sufficient to cause the voltage 
regulator tc^ operate. But if the load 
requirements are reduced or the battery begms 
to coma up to charge^ the Una voltage will 
increase to a vdua sufficient to cauie tha voltage 
regulator to operate. When this happani, the 
ganarator output is reduced; it is no longer 
luffidently high to cause the current regidator 
to opamte. All regulation is then dependent on 
the voltage regulator. 

Figure shows a schematic wiring 

diapam of a typical chargiiig circuit. In this 
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BATTERY TERMINAL 



Figure Regulator assembly with eever Pirno^cd. 



generator output from exceeding its safe 
maximuni. When the voltage regulator contact 
points open, only one resistance Is inserted into 
the generator-field circuit* and this providas a 
Mgher value of resistance. The voltage regulator 
must employ a higher resistance because it must 



reduce the pnerator output as it operates, and it 
requires more resistance to reduce the output 
than merely to preveiiit the output from going 
beyond the safe maximum of the generator. 

For some special applications ^ you may find 
a combined current-voltage regulator. In this 
case both regulatois are combined In a single 
unit. The regulator assembly will consist of two 
(regulator md circuit breaker) instead of three 
units. 

The regulators just described aie known as 
e lectromagnetic vibra ting-con tact regulators. 
The points oii the annatures of the regulators 
may open and close as many as 300 times In one 
second in order to achieve the desired 
regulation. 

The TRANSISTOR TYPE REGULATOR is 
being used in late model equipment. TTiis 
regulator has no moving parts* It consists of 
transistors, diodes, condensers^ and resistors. 
Some models have two filter condensers, while 
others have only one. 

Adjustments ara provided on some types of 
regulator and should be made only with the use 
of the maiiufaeturer*s ins^ctions and the 
recommended testing equipment TRIAL AND 
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ERROR METHOD OF REPAIR WILL NOT 
WORK. 

Generator Maintenance 

The d-c genenitor requires periodic cleanings 
lubrication, inspection of brushes and 
commutator, and tasting of brush spring tension. 
In addition, the electrical connections need 
attention to insure clean, metal»to»metal contact 
and tightness. 

Some generators have hinged cap oilers. 
Lubricate these with a few drops of 
medium weight oil at each maintenance cycle. 
Do not overlubricate, because an excesdve 
amount of oil can get on the commutator and 
prevent the brushes from functioning properly. 

Visually and manually inspect the condition 
of all starting and charging syitem cables^ 
clamps, wires, and terminal connections, See 
that the generator drive pulley is tight on the 
shaft, and that the drive belt . is in good 
condition and adjusted to proper tension. AliOj 
make sure that the starter, generator, and 
voltage regulator are securely mounted and have 
a good ground. 

Remove the cover band, on generator so 
equipped, and inspect the inner surface of the 
generator cover band for tiny globules of solder. 
If any solder is found, the generator is producing 
excessive current and has melted the solder used 
in connecting the armature wires to the 
commutator bars. This condition will require 
removal of the generator to repair or replace the 
armature. 

If no solder is found, inspect the 
commutator, brushes, and electrical 
connections* If the commutator is dirty or 
slightly rough, sand it with number 00 
sandpaper or use a special sanding tool. NEVER 
use emery cloth on a commutator. 

To sand the commutator, wrap the end of a 
flat piece of soft wood with a strip of number 
00 sandpaper. Then, with the generator in 
operation, hold the sandpaper against the 



than toward, the sandpaper to avoid damaging 
the commutator. 

Blow clean compressed air through the 
interior of the generator to remove any excess 
dirt and brush particles. Lift brushes in the 
brush holder to see that they are free to operate 
and have sufficient tension to prevent arcing and 
burning of the commutator and brushes. If the 
brushes are worn down to one-half their original 
length, replace them, 

Some generators in use today are not 
equipped with cover bands. They may have open 
slots over the commutator or be entirely sealed. 
On those with open slots, the commutator can 
be landed through the slots but brush removal 
can only be accomplished by removing the 
conimutator end frame. On sealed units, 
maintenance can only be performed after 
disassembly, 

Generator Repair 

Automotive generators are disassembled 
only when major repairs are to be made. Other 
than cleaning commutators and replacing worn 
brushes during periodic maintenance checks on 
the vehicle, automotive generators need few 
major repairs during normal service life. 
However, if neglected, generators wHl develop 
troubles that cannot be remedied in the field » 

Before removing a generator suspected of 
being faulty, you should check the battery, as 
discussed earlier, and the generator output. 

One piece of test equipment used to test 
generator output is item 6 in the engine analyzer 
set shown in figure 6-17. This kit is organic to all 
MMCB shops. Another piece of test equipment 
used to test generator output, particularly at 
permanent shore stations, is the combination 
voltampere tester shown in ngure 6-18. 

Should it become necessary for you to use 
either type of test equipment, refer to the 
appropriate manufacturer's manual for generator 
output specifications and proper testing 
procedures. If the generator is operating 
properly, and the battery, wiring, and 
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a new one, However, if the ggnerator dois not 
produce the speciflad imperes at the specified 
angina revolutions par minute, than it must be 
removed from tha vehiGla and repaired. 

GENERATOR DISASSEMBLY-^Disas^ 
sambling the ganers^Gr Is generally limited to 
removing the qommatator end frame and drive 
end frame so that the armiture and bearings can 
be removad for testing and inspection. A 
disassembled ignarator is shown in ngure 6-19. 
The field coils are tested in tha frame, and if 
found defective, the field coil and frame 
assembly are tiplacfd as a unit. 



Althou^ genamtow differ in size, number 



After removing the cover band^ careJ 
examine the genefator> Study the brush 
arrangement to obtain a mental picture of the 
brush lead connections. Make a pencil sketch so 
you will know where to replace the wires. Most 
generators have markij either scratched or 
center-punched on the adjacent edges of the 
frame assembly and end pieces to help in ahning 
these parts during assembly. If these marks are 
not clearly discernible^ make new marks. 

It is best to place the generator on end whan 
removing the ^jtd fra/neSj because the beaiings 
that center the afmature are attached to these 
frames. This preventi possible damage from the 
heavy armature dropping down on th© field 
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holders and brushes come away with the 
commutator end Frame. Therefore, in renioving 
tht end frame, see that the brushes have been 
taken from the holders so they are not damped 
in sUding off the commutator. NEVER remove 
the brushes from the holders by pulUng on the 
pigtails without first easing the spring tension 
against the brushes. 

TESTING FIELD COILS.--ro test the 
generator field, you must diiconnect the 
founded ends from the frame. Place one probe 
of the test lamp circuit (rig. 6-20) on the field 
terminal end of the coils and tlie other probe on 



reiistance in the tleld coll wire, it should not 
burn with normal brilliancy. Normal brilliancy 
of the test light bulb indicates a possible short 
circuit between the coils of the field. If the light 
does not burrtj the field is open circuited. 

A grounded field coil is found by placing 
one test probe on the field terminal and the 
other on the generator frame (fig. 6-2i). If the 
test lamp lights, the field is grounded. The 
ground may b^* caused by frayed wires at the 
coll ends. In most caies, pounds and open 
circuits in field coils cannot be satisfactorily 
repaired. The defective field coil must then be 
replaced. 
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Plgure MI.^Twing f jtld geili f@f groundi. 

OfMMETER. The ohmmater has test probes 
dmilar to the test lamp dreult. When the^ tast 
probes are connected to the fteld coU ends the 
ohnimitir will massuri the actuaJ resistance of 
the coil. If the specified rasistsnc© of a field coil 
is given in the manufaeturer's manual— also 
obtained by measuiing a new coU— you cm 
mmpare values obtained througli tssts, For 
axamplei a short-circuited fiald coil would have 
pmcti^^ly no instance and the ohmmeter 



testing a coll having an open circuit. Py 
following the manufacturer's instructions in 
using the ohmmiter, field coil tests can b© made 
more quickly and accurately than by using a test 
lamp drcuit, 

ARMATURE TEST AND REPAIR.^ITia 
aitnature must be cleaned before it Isinspgctad. 
Use compressed air to blow off all loosa dirt. 
TTien use a cloth dampened in a Navy-approved 
cleaning fluid to wipe off the ainiature. Do not 
allow cleaning fluid to soak into the armature 
windings. 

Inspect the commutator riser bar 
connections for signs of melted solder and the 
reiulting loosened connections, Small specks of 
melted solder, even if the connactions are tights 
imidicata that the generator has been overheated 
from operarfng at an overload. In order to 
eUmlnate a po^ibie breakdown in the near 
future, armatures found in this condition should 
not be reassembled with the generator. 
Commutator riser bar connections loosened 
from^ handlijig or for other reasons, except 
overhaatiiig, can be soldered, Always use rosin 
flux in soldering electrical connection^' Never 
use an acid flux m it promotes corrosion. ^ 

Check commutator out-of-round by placing 
th« armatuie In V-blocks and using a dial 
Indicator as shown in figure 6-22, If run-out 
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;*^ v^j^ 0,001 of an inch, or if the commutator 
i:- or has mica insulation sticking up 

»etw^an legmente, the commutator should be 
tinned down. 

When it is necessaiy to turn down the 
commutator, mount the armature in a lathe^ 
preferably on the armaturt shaft bearing ^ats. If 
that is impossible, the armature may be 
mounted in the lathe on the armaturi shaft 
centers. In turning down a commutators positiori 
the cutting tool on a 90-degree angle with the 
commutator and approKimately 1/32 of an inch 
below the center line of the armature shaft. (See 

Whin turning down the commutator, take 
small cuts and do not remove any more material 
than is necessary. If you have to turn the 
commutator down so much that the ends of the 
CQO£mutator segments are less than 1/16 of an 
inch thick, discard the armature. Wheri the ends 
of the segments are less than 1/16 of an inch^ 
the commutator bars become so thin that they 
do not have enough strength to retain their 
shape. 

After cutting the commutator, use 00 
sandpaper to smooth any burrs that may be left; 
then undercut the mica 1/32 of an Inch. Mica 
can be cut by a machi^i^ ^-^v^f . i specially for that 
purpose (fig. 6^24). Vf - vi^dercutter is not 
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Ftgure 6'i4-^Undergurting eomnriutstdr mm with 
yndar^utter. 
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FIguri 6^SS.^Und0reuttfng mica with a haekiiw bfsdt. 



avaiiabto, you use hand tools and cut the 
mica as indicated in figure 6-25. 

Use care In undercutting mica so as not to 
widen comniutator slots by rernoving metal 
from bare. Do not leave a thin edge of mica next 
to the bars. Figure 6-26 shows examples of good 
and poor undercutting. 

There are two practical tests for locating 
shorts* ppenSt and grounds in armatures: the 
growler test, and the bar-to-bar test, 



To test for short circuits, place the armature 
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Figure and poor m'm undtrmjtting. 



is good) held over tha cote, as shown in figura 
6-27, rotate the ajinature slowly through a 
complete revolution. If a short Is present, the 
steel strip wUl beconit magnatized and vibrute. 
To find out whether the ajmature coils of the 
commutator are short circuited, Qleati between 
the commutator sepnents and repeat the tmt 
Should the thin mataJ strip still vibrate, the 
annatura is short circuited intenially and must 
be replaced. 

Not all armatures can be tested for short 
circuits by the method Just deicribed. These 
armatures can be Identified by excessive 
vibration of the saw blade all MOund the 
armature during the test. With these armatures, 
test for short circuits by using the mUliampere 
contacts on an a-c Jmilliamniater as shown in 
figure 6-28. In doing so* keep the armiatur^ 
stationary in the V-block and move the contacts 
around the TOmmutator until the highest reading 
is obtained. TTien tuni the armature to bring 
each pair of segments under the contacts and 
read the milliammeter at the same time. The 
readlnp should be nearly the same for each p^r 
of adji^nt bars. If a coil is short ci^uitei tha 
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Figun 6-2S.— Testing m armatyre for ihort elrauitt 
with an a^ mill lam metyr. 



factory-buiJt growlers. (See fig. 6-29.) Place the 
armature on the V*block and touch one of the 
test probes to the armature core iron Touch the 
other probe to each commutator segment in 
turn. If the armature is grounded, the bulb in 
the base of the powler wiU U^t. in contacting 
armature surfaces with the test probes, do not 
touch bearing or commutator brush surfaces. 
The arc would bum or pit the smooth finish. 
Replace the armature if it is pounded. 

In testing indi\ddual armature coils for open 
circuits^ use the test probes as shown in figure 
6-30. Place them on the riser part of adjacent 
commutator bars, not on the brush surfaces. If 
the test lamp does not Ughtj there is a break 
somewhere in the coil. Repeat this test on every 
pair of adjacant bare. Do this by walking the 



Figure &29.'<^T@sting an armature for grounds. 



CHECK BEFORE GENERATOR 
REASSEMBLY. = Before reassembling the 
generator^ Inspect the bearings and bushings. If 
they are worn considerably , replace them or 
service them according to the manufactuer's 




TOUCH ADJACENT 
RISERS 



CONSTRUCTION MECHANIC 3 & 2 



instructions. Clean the beanngs by revolving 
them in cleaning fluid until all grease and dirt 
are removed. Remove the cleaner with 
compressed air. However, do not spin the 
bearings with the air. The high turning speed 
may damage them, and if blown from your 
hand, the spinning bearing may injure persons 
working near you. After cleaning the bearings, 
repack them with pease recommended by the 
manufacturer, not ordinary cup grease or chassis 
lubricant. 

Replace any defective insulator, screw, 
washer, wire lead, stud, or similar small part.' 
While inspecting the Held coils or armature 
before testing them, rewrap or apply insulating 
shellac to chafed or bare wires. If a coil must be 
rewrapped, see that the nnished job does not 
extend beyond its oripnal position so that the 
rotating armature can strike it. 

GENERATOR ASSEMBLY. ^Having taken 
the generator apart, you should have little 
trouble in assembling it. Replace aJl worn or 
broken parts, install new brushes, and assemble 
the generator end frames so that they hne 
up with the field frame assembly. Seat the 
brushes and check the generator brush spring 
tension. 

Brush spring tension is measured with a scale 
and hook, as shown in figure 6-31. This tension 
will vary between 15 and 60 ounces, depending 
on the generator. Consult the manufacturer's 
specifications tor the proper brush spring 
tension to use. If the tested spring or springs do 
not meet specifications, they must be replaced. 
The tension of a brush spring cannot be 
satisfactorily adjusted. 

POLARIZING THE GENERATOR.-- When a 
generator is installed, tested or repaired, it 
should be polarized to make sure it has the 
correct polarity with respect to the battery in 
the circuit. If the generator^ operated with 
reverse polarity, it may be damaged and in 
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Figure 6-31. -Measuring bru^ spring tansion. 



On **A" circuit generators, with the leads 
connected, momentarily connect a jumper wire 
between the "Gen*^ and ^*Bat" terminals of the 
regulator befbre starting the engine. TTils permits 
a momentary suiie of current to pass through 
the generator to polarize it correctly. 

For "B" circuit generators, disconnect the 
lead from the neld terminal of the regulator and 
momentarily touch that lead to the regulator 
battery terminal. 

On vehicles equipped with a double»contact 
voltage regulator, remove the field lead from the 
regulator and ground. Then, momentarily 
place a juiiiper lead from the battery to the 

ffenp.r^fnr arrnatiiro f-a?Tv^i»»1 
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Figure S-32,^Simpla iltirnatDr illystriting riVirsing 
magnttia field and resulting Mrrent flow. 




equipment resulted in the d-c generator being 
replaced J in most applications^ with a more 
effigienl generating unit called the 
ALTERNATOR, Basically, the need called for 
high current output at low speed, combined 
with reduced size and %ht. 

In operation the ernator is somewhat 
different than the d-c generator. An alternator 
has a rotating magnet (rotor) which causes the 
magnetic lines of force to rotate with it. These 
lines of force are cut by the stationary (stator) 
windings in the alternator frame as the rotor 
turns. This induces alternating current and 
voltage as illustrated in figure 6-32. The current 
then flows to a diode assembly which allDWs 
only direct current to pass. 

The major components of tm alternator (fig. 
6-33) are a rotor, a stator, and a diode assenibly, 
all of which are assembled In a unit similar to 
the d-c generator. 

The ROTOR (fig. 6-33) consists of a w\u 
wound into a coil placed over an iron core. Two 
pole pieces are placed over the colL Sliprings are 
added to one end of the shaft and the ends of 



SLIPRING DRIVE 
END FRAME END FRAME 
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tht wire coil are attached to the rings. Brushes, 
mounted in the end frame of the alternator, are 
hdd in contact with the rings by small springs 
providing a path for the external current 
required to create the magnetic field of the 
alternator. 

By introducing electric current at one brush, 
the current vvdlJ fiow via the slipring through the 
rotor coil and to pound through the othgr 
slipring and brush. This current flow creates the 
magnetic field in the alternator, causing the pole 
pieces to become north and south poles of the 
magnet as illustrated in figure 6-34. 

The STATOR (fig. 6^33), which is part of 
the alternator frame when assembled, consists of 
three windings fitted into slots in a laminated 
frame. One end of these windings is connected 
in the stator assembly and the other is 
connected to a pair of diodes, one positive and 
one negative. 

The DIODE ASSEMBLY consists of six 
diodes (fig. 6-33), one pair for each stator 
winding. The diodes function in pairs. The 
current flowing from the winding is allowed to 
pass through the insulated diode. As the current 
reverses direction, it flows to pound through 
the grounded diode, The insulated and grounded 
diodes prevent the reversal of the current from 
the rest of the charging system. By this 
switching action, and the number of current 




pulses created by motio ' tween the windings 
of the stator and rotoi a fairly even flow of 
current is supplied to the battery terminal of the 
alternator. A cross sectional view of a typical 
diode is illustrated in figure 6-35. Note that the 
illusfration also shows the diode symbol used in 
wiring diagrams. The arrow in this symbol 
indicates the only direction that current will 
flow. The diode is sealed to keep out moisture. 

Three negative and three positive diodes are 
mounted in the end frame of the alternator. The 
polarity of the electrical system detennines 
which ^et of diodes are gounded. The remaining 
set is mounted in an insuiated heat sink that is 
connected to the battery terminal of the 
aJtemator. 

When the alternator is producing current, 
the insulated diodes pass only the outflowing 
current to the batte^. The diodes provide a 
block preventing reverse current flow from the 
alternator. Figure 6-36 illustrates the flow of 
current from the stator to the battery. 
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Alternator Maintenance 
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Figure 6^36.— Current flow from itstor to tfin 
hattery. 



Alternators are made in various desipii. 
Som^^ have brushes that can be replaced without 
removal of the alternator while others do not 
have brushes. The only thing common to all 
aliemniors is their use of a controlling device 
(regulator) that is matched for use with a 
specific type alternator* Regulators are not 
interchangeable. 

Alternator Output Control 

Output controls for aJternators are made and 
installed in many ways. TTig magnetic relay type 
of regulator, which is amilar to the d-c genemlor 
regulator, came first. Now, most of ihe 



Alternator testing and service call for special 
precautions since the alternator output terminal 
is connected to the battery at all times* 

Use care to avoid reverse polarity when 
performing battery service of any kind, A surge 
of current in the opposite direction could burn 
out the alternator diodes. 

Do not purposely or accidentally ''short'" or 
''p'ound" the system when disconnecting wires 
or connecting test leads to terminals of the 
alternator or regulator* For example, grounding 
of the field terminal at either alternator or 
regulator will damage the regulator. Grounding 
of the alternator output ferminal will damage 
the aJternator and possibly other portions of the 
chaining system. 

Never operate an alternator on an open 
circuit. With no battery or electrical load in the 
circuit, alternators are capable of building high 
voltage (50 to over 110 volts) which may 
damage diodes and endanger anyone who 
touches the alternator output tenninah 

Alternator maintenance is minimized by the 
use of prelubricated bearings and long brushes. 
If a problem exists in the charging circuit, check 
for a complete field circuit by placing a large 
screwdriver on the alternator rear bearing 
surface. If the field circuit is complete, there will 
be a sfrong magmnic pull on the blade of the 
screwdriver which indicates that the field is 
eneiiized* If there is no field current, the 
alternator will not cha^e becuase it is excited 
by battery voltage and current. 

Should you suspect troubles within the 
charging system after checking the wiring 
connections and batierj% connect a voltmeter 
across the battery terminals. If the voltage 
reading, with the engine speed increased, is 
within recommended levels, the charging system 
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AJternatot Di^^mbly 
and T^Hng 

To disassemble the alternator, mark the 
matching portions of the housing to assiit in the 
reassgmbly after repairj have been made. TTie 
bruahes naad to bi removed from some 
alternators before separating the housing. Check 
your maintenance manual before disassembly. 

Remove the through bolts and leparate the 
housing by lightly tapping the front case, or by 
gently prying between the front case and stator. 

ROTOR TCSTING.^Tlie rotor should be 
tested for grounds, shorts, and opens. To check 
for grounds, connect a test lamp orohmmeter 
from either slipring to the rotor shaft (fig. 6-37). 
A low ohmmeter reading or lighting of the test 
lamp indicates that the rotor winding is 
grounded. To check the rotor winding for opens 
and shorts, connect an ohmmeter to both 
sliprings as shown in figure 6-38. An ohmmeter 
reading below the specified resistance value 
indicates a short, whereas a reading above the 
specified value indicates an open. If a test lamp 
does not light when connected to both sliprinys, 
the winding is open. 

STATOR TESTING.--The stator winding 
oin be checked for opens after it has been 
disconnected from the end frame. If the 
ohmmeter reading is low or the test lamp lights 





2.311 

Figuft 6-38.— Testing rotsr for opens and sharti. 



when connected between each pair of siator 
leads (fig. 6-39) J the stator winding Is electrioally 
good. A hi^ ohmmeter reading or failure of the 
test lamp to light when connected from any one 
of the leads to the stator frame (ng. 6^0) 
indicates the winding is ?: :t grounded. It is not 
practical to check the stator for shorts due to 
the very low resistance of the winding. 

DIODE TESTING.^With thr stator windings 
disconnected^ each diode mgy \m ti: aed with an 
ohmmeter by connecting Oi?^; f^sl lerid to the 
diode lead, and the other ohmminf r lead to the 
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Figurt &40.^Ttfting statdr for grounds. 



aJ13 2J1S 
Fl^re €-42.^Teitirig sllteon-diodii witfi a test limp. 




2J14 



fura Ml.-'Ttstinfl stllcon-diodes witfi ©hi7 mi^t 



le case, as shown in figure 6-4 L Note the 
ing. Then reverse the ohmmeter leads to the 
la and agfUn note the reading. If both 
ings are very low or very high, Uie diode is 
ctive. A good diode will give one low and 



ont* high reading. An alternate method of testing 
each diode is to use a test lamp with a battery of 
not more than 12 volts. Connect one of the test 
leads to the diode lead^ and the other test lead 
to the diode case, as shown in figure 6-42, Than 
reverse the lead connectioni. If the lamp lighti 
in both checks, the diode is defective. Or^ if 
the lamp fails to light in either direction, the 
diode is defective. When checking a good 
diode, the lamp will Ught in only one of the 
two checks. 

After completing the required tests and 
making any neces^ry repairs or replacement of 
parts, reassemble the alternator and Install on 
the equipment. After Installation, start the 
equipment and check to insure that the charging 
system ii functioning properly. NEVER 
ArrEMPT TO POLAREE AN ALTERNATOR. 
It doesn't have to be polarized. Attempts 
to do so serve no purpoie and may damage 
the diodeSi wiring, or other charging circuit 
components. 
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Qiapter 6 points out that soma electrical 
systems In Navy equipment contajn as many as 
fiva drcyits; namely, ch^ging, sterting, ignition , 
UgSiting, and accessories. Of theie, the chafing 
drcuit was covered in chapr^r 6; the remaining 
drcuits will be discussed in this chapter. Careful 
study of the material here and In the preceding 
chapter will aid you in iinderstanding how these 
drculti work ^nd in maldng various adjustments 
and repairs needed to keep electrical systems in 
Navy equipment in peak operating condition. 



STARTING CIRCUITS 

Very little of your equipment will be started 
by the old fashioned *'strong-arm" cranldng 
method; most of it is cranked by an ELECTRIC 
STARTER-one of the major units of the 
starring circuit. Stating the enpne requires the 
most current or power dmw from th^ battery^ 
especidly on a cold morning when the oil is 
thick and you can barely *'tum it over." 

The principal units of a Starting drcuit 
include an eiectric motor, a stomge battery, a 
switch mechanism for starting and stopping the 
motor, and the essential wiring. In most, if not 
idl equipment, you will probably find a special 
device which automatically disconnects the 
starting motor from the engine as soon as fte 
switch is released and the engine begins running 
under its own power. Almost all seif-propelled 
equipment makes use of more rompUcated 



engine. Pressing the button or turning the 
ignition switch completes the circuit to the 
electrom^netie device (solenoid) attached to 
the cranldng motor, as shown in figure 7-1. This 
de\ice automatically shifts a small gear (pinion) 
into mesh with the flywheel ring gear and then 
connects the battery with the starter motor to 
crank the engine. After the engine starts and the 
switch is released, the shift lever sprin£f> back to 
disengage the pinion and disconnect the battery 
from the starting motor. In this system, the 
Ignition switch is connected in the control 
drcuit so that the starter will not operate until 
the ignition switch is closed. 



of units in 
installed 
oard , or in 
where it will 
ing switch may 



There are many amrr^' 
starting systems. The bi^^ 
under the engine hood, * 
any convenient place on 
not tilt or be damafetd. T.! 
be located on the starter, the noor of the cab, or 
the insfrument panel. The starter, whether 
inboard or outboard drive, must be bolted to the 
flywheel housing. An inboard drive starter is 
designed so that the pinion moves toward the 
motor to mesh with the flywheel mg gear teetli, 
as illustrated in figure 7-2. All inboard drive 
starter pinions engage as a result of centrifugal 
force. 

Starters in which the pinion moves away 
from the motor to engage are called outboard 
drive starters. 
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81,131 

Figyrs 7^1, -^Remote esntrQllid solenold^opM'sted stirting cirault with ovirrunning elutoh drive. 
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Ffgum 7^^— tertlng motor wKli inbDird-typi Bondix 
drive* 



l^tween an alietric startiaE motor and aii 



the armature around. This rotation (mechanical 
ane^y), when properly hooked to the flywheel 
of an engine, will cause the engine's crankshaft 
to turn. 

Starting Motor 
Consti'uction 

Figure 7-3 is a sectional vie^ of a typical 
heavy-duty starting motor. This particular motor 
employs a magnetic switch to control the motor, 
a reduction gear, and a Bendix drive. These units 
will be discussed later in this chapter, 

EKcept for the drive end and control 
mechanlsmj the general construction 
characteriitics of the starting motor are similar 
to the d-c generator. 
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The field windings are used to ijicrease the 
strength of the magnetic field and thereby 
increase the power of the motor. The field 
Endings are connected so that the current flows 
through both the field windings and the 
armature windings at the same time to produce 
motoring action. A heavy conductor is used in 
both the fields and the armature so that the 
resistance of the motor is very low. Ttiis pemuts 
an extremely large current to fiow, so that the 
motor develops high torque. 

Types Of 
Starting Motors 

Two tvna^ nf ^faffincy m/^.trire np^ f/^amri f\n 



DIRECT DKIVE STARTERS make use of a 
pinion gear on the starting motor's armature 
shaft. Tnis gear meshes with teeth on the engine 
fly wheel There are from 10 to 16 teeth on the 
flywheel tor every tooth on the starting motor 
pinion. Tl^erefore, the !;tarting motor armature 
revolves 10 to 16 times for every revolution of 
the engine Uywhc^. In operation, the starting 
uiotor arniatLue revolves at a rate of 2000 to 
3000 revolutions per minute, thus turning the 
engine cran>;shaft at speeds up to 2O0 
revolutions per m.inute. 

DOUBLE REDUCTION STARTERS maki 
use of a gear reduction, in addition to the 
reduction betv/een the drive pinion and the 
flywheel. The gear : uuction drive head is used 
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parmits- the use of a small starting motor running 
at high speeds. This provides additional 
breakaway, or starting torque, and greater 
cTdnking power. On sonie starting motors with a 
gear reduction drive head, the cranking motor 
armature may turn, during cranking, as many as 
40 times for every revolution of the engine 
flywheeL 

When the engine begins to operate it may be 
speeded up to 3000 to 4000 revolutions per 
minute. If the starting motor did not de-mesh 
from the ny wheel teeth, the starting motor 
armature would be spun at speeds up to 60,000 
revolutions per minute. These high speeds would 
throw the windings fvom the slots in the 
armature and the segments from the 
commutator. To prevent this, various methods 
of meshing and de-meshing the starting motor 
pinion with the flywheel have been devised. 

Storter Engaging 
Machanisms 

Engaging mechanisms found on starters you 
wUI encounter are of three designs: Bendix, 
overrunning clutch, and Dyer drive! The Bendix 
drive is normally used on engines of relatively 
low cylinder displacement and horsepower. The 
overrunning clutch and Dyer drive are used on 
heavy-duty engines. 

The BENDIX DRIVE (fig, 7^3) is one device 
that accomplishes meshing and de-meshing of 
the drive pinion with the flywheel. It relies upon 
the principle of inertia to cause its pinion to 
mesh. 

When the starting motor is not operating, 
the pinion is out of mesh and entirely away 
from the nywheel gear. When the itartlng motor 
switch is engaged and the total battery voltage is 
applied to the starting motor, the armature 
Immediately starts to rotate at high speed. 

The pinion, being wei^ted on one side and 
having internal screw threads, does not rotate 



with the flywheel. When the pinion gear is fully 
engaged with the flywheel gear, the pinion is 
then driven by the starting motor through the 
comp e'^sed drive spring and cranks the engine. 
The drive spring acts as a cushion while the 
engine is being cranked against compression. 
When the engine fires and run*^ on its own 
power, the flywheel drives the pu'irvi at u higher 
speed than does the starting mr\tf-t causing the 
pinion lo turn in the opposite ^iKuction on the 
threaded sleeve and automatically disengage 
from the flywheel. This prevents the engine 
'r'^m driving the = starting motor. Several other 
K ' s of inertia or Bendix-type drives are also in 
Although they may differ considerably in 
h - and construction, their method of 
!:^{Mation is similar in many respects to the 
Bendix drive just discussed. 

The OVERRUNNING CLUTCH provides 
positive meshing and de-meshing of the starting 
motor pinion gear and engine flywheel gear. The 
shell and sleeve assembly of the clutch (fig. 7^) 
is driven by the starting motor armature shaft. 
The rotor assembly Is connected to the pinion 
gear, which meshes with the engine flywheel 
gear. Spring-loaded steel rollers are located in 
tapered notches between the shell and the rotor. 
The springs and plungers hold the rollers in 
position in the tapered notches^ When the 
armature 4iaft turns, the rollers are jammed 
between the notched surfaces, forcing the inner 
and outer members of the assembly to rotate as 
a unit and crank the engine. After the engine is 
started, the flywheel rotates faster than the 
pinion gear, thus tending to work the rollers 
back against the plungers (fig. 7-4), and thereby 
causing an overrunning action. This action 
prevents excessive speed of the motor. WTien the 
starting motor is released, the collar and spring 
assembly puUs the pinion out of mesh with the 
flywheel gear. 

The DYER DRIVE (fig. 7^5) Is another type 
of starting motor drive which combines some of 
the nrinciDles of both th^ Rp.nHiv anH fh^ 
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Figure 7'4,— Typical overrunning clutch conrtruetlon. 
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Kigurt I'-B.— Dyif drK's. 



ERIC 



Chapter T^AUTOMOTIVE ELECTRICITY: PART II 




31,528 

Figira 7'6.-Tyrsl^! starting GitmH witli ntutril nfety 



caus^^ ;«4rrani: to flow through the solenoid 
(aausifiii r rnagnetic attraction of tha plungar) to 

^ouifd. 

Tifw niuvsment of tm plunger causes the 
shirt h\^m t ^ ^npga pinion vidth the 
flywheel v i^Ear. Afi?'^ the pinion is engaged, 
further travei 4^ the plunger causes the contacts 
inside the solenoid to close and directly connect 
the battary to the starter. 

After the engine is started, releadng the 
starter button or ignition key will stop the flow 
of current tlu'DUgh the solenoid, The plunger 
spring rrturns the phmger to its normal rest 
pofitioiii, causing the shift lever to move fli© 
starter pinion away from the flywheeL l^is 
prevents accidental starter pinion engagement 
while the engine is operating* 



occurs, the connections in the sterting circuit 
should be examined for cleanliness and 
tightness. 

A RELAY is frequently used in the control 
drcuit to supply current to the solenoid coils. 
Only a low cuirent conb*ol drcuit is needed to 
the instrument panel switch with this 
application. This relay ii used to close the circuit 
between the battel and the solenoid. Relays of 
this type are commonly found on 24-volt 
starting circuits. 

Some starting circuits use the relay and no 
solenoid on the starter. This method of starter 
control is conirnon to aU starters that have no 
shift mechanisn' for the starter pinion. 

Navy vehiciisi or equipment with automatic 
transmissions ham an additional item in the 
storting circuii called a NEUTRAL SAFETY 
SWITCH. Tirs switch, which is actuated by the 
transmission^ -.iiift linkagej prevents accidental 
starting of tm engine while the transmission is in 
gear. Soma -^r the newer standard shift vehicles 
have a similar switch that requires the operator 
to depress ihe clutch pedal before the starter 
wm operiie. For safety reasons, THIS SWITCH 
SHOULD FUNCTION PROPERLY AT ALL 
TIMES. 

SERES^PARALLEL 
STARTWG CIRCUIT 

Because of the high compression ratios of 
some diesal engines, a high voltage is often 
nece^ary to insure sufficient starting power. A 
serie^parallel switch provides a series connection 
of the batteries for starting and a pm'allel 
connection for normal operation, 

For example, two 32-volt batteries 
connected in series will supply 24 volts; but two 
12-volt batteries connected in pmllel will 
supply only 12 volts. 
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Figurt T-T.^-Serlei-pirallel wvuMt slreul^ ^^owlng bat- 
ttriii connected 'm mmn Im Mrtit^. 



help you understand its oparation so that you 
niay locata troubles, if and when they occur. 

Th^ stajling niotOK solenoid circuit is 
connectad to ground at the plus terminal of 
batten^ A tlvough a pair of contacts in the 
serial-parallel switch. The other iide of the 
solenoid is„ronnected to the miiiL^ termiiial of 
battery B. Tills imposes 24 volts on the lolenoidj 
so that it operates to mesh ttie starter drive 
^nion with the angina nywheel, and closes the 
circuit from the batteries to the starting motor. 
Since the two batteries are connected in series 
throuEh the heavy a^ntact disk and hca\'y 



operation of other electfical accessories. (See fig* 
7-8.) Spring tension pulls the heavy 
wries-parallel switch disk away from the heavy 
contacts and opens the series connections at the 
A- and B+ terminals of the switch. At the same 
time, the small contacts within the switch, 
connected to the B-, the SW (switch), and the 
ground terminals, move to complete the circuit 
connecting the batteries in parallel. 

During normal operation, generator charging 
current enters this two-battery system at the 
A- terminaj of the switch* It divides as it enters; 
part cT tt; ; tu'r^int entering the A battery, the 
Qlher [s:^n going through the contacts in the 
mes"^ atujli^k swuch, down to the starting motor 
. ad from there to the minus tenninal of the B 
battery. TTie cuiTent from the A battery flows 
directly to ground and then back to the 
generator. The current from the B battery flows 
through the series-parallel switch to ground and 
then back to the generator. 

TTie ammeter in the series»pa:*a!id system 
registers one-half of the current flowing from 
the generator to the batteries; it registers the 
half which is eniering and charging battery B. 
TTiis provides a check on the aratlon of the 
system. With two batteries connected in parallel, 
as the electrical load Increases, half the current 
required is withdrawn ft om each battery. 

During the starting interval, the 12-volt 
supply for li^ti and other accessories is taKen 
tmm the A battery only. 

CAUTION: In making repaid to vehicles 
provided with a series-parallel starting circuity 
avoid careless grounding of the starting switch 
terminals. For example, a short circuit caused by 
a wrench or an oil meaiuring sttak may result in a 
tfenieKdous surgq of : ^ -^iigh the series 
circuit and seriously ; ^?dpment. 



NorrnaJly, fmm % 



^um: r H-^ted in the 
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fTARTING CIRCUIT 
MAmTENANCl 



Hii condition of thi starting motor should 
be Qirefully chtckad at each ?M sarvica. lliis 
wll ptrmit you to take appropriate action ^ 
whiTi n§€dfd, so ftat equipnient failuiBs aiusid 



by a faulty starter can be reduced, if not 
eliminated. 

A visual inspection for clean^ tight electrical 
connections and secure mounting at ^e 
flywheel houmng ii about the extent of a 
maintenance dieck. Operate the itarter and 
observe the speed of rotation and steadiness of 
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operation. ^\xrin% ^^^^ ^h^ck, nevir operat® the 
starter for x^^fe ^haii jO ieconds without 
allowing it to ^^pL The ?^g^ting motor nofr^all^ 
runs only fot ^ (&yj ^Wo*\j0 each time it ^sed 
and carries a gj^at overl^gd when runnif^S^ To 
carry such a 1^^^^^ load, \^ draws a hi^ current. 
This current, | qQ to 350 ^juperes (dependlns on 
the type of ongi^^ used on), causes the 



Replacing ^j^a spring is a cofTi^o" 

job associate,j ^itJi ^^pii^^yig starters, wh^^ the 
operator rep^j.^^ h^ariri^ the cranking niotor 
spiniiing witl^^^^ tuiun^ the engine, yaU wUl 
know the B^^^i^ ^Priaig broken or that the 
fastening ser^^ b^l'^ '^^^^ been sheared. 

If you ar^ clt^^'^^S %c starter and it barely 
turns the engj^^ of if «\^^kes a series of loi^d 
clicks, you c^i^ ^e f^irEy ^y^e there is a problem 
With the batt^j^^ S WerS g^idom fail unless they 
are used e)CQgg|iveJV, the starter ^U^s 

Qompletely tH^ l^^ery for its proper 
operation, a b^tte*^ '^^acity test shouW be 
made before gt^rta removed for repair ot 
replacenient. 

Battery 
Capacity Test 





amni^ter f^^Oini %^aned load f^^ 
Seconds, not^ ^^l^irt^jer reading, xnm tiie 
Variable resi^j^^ ^m^\ ^ob to the OFF 
position mi x^f^t J^^^%ry test indicadofl^ afl^ 
recommendatipj,!, I* flie ^Q$t indicates th** th^ 
battery is in laysft condition, remo^^ 
starter for T^p^j ot ^myi. 
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Figure nttrument h^kup for battery capicjty test* 



Starter Raiiioval 
And Replacinient 

Prior to removing the starter, disconnect the 
cables and wiring and remove the mounting 
bolts* Remove the starter carefully in order to 
prevent dropping it on the floor and damaging 
the housing or connactions. 

The siniilarity of construction between the 
d^ generator and starting motor allows the same 
basic procedures to be used for disassembly and 
repairs. TTle starter drive, if faulty, in most cases 
is not repairable and must be replaced as a unit. 
If ttie bniihei are Mrorn to half their normal 
lengthy they should be replaced. Brush spring 
tension should be tested at the time of 
reassenibly to insure that the brushes are held 
firmly agalint the armature when assembled. 

When cleaning armature or field windings^ 
do not use a grease-dissolving or 
h%h-teinparature cleaning solution , as it may 
dam^e tha insulatiori, 

1 est till operation of the drive pinion on the 
ovemmniag clutch drive unit. It should turn 
freely in the oveffunnirig direction, and should 
not slip ui the driving direction. Clean the 
Bendix drive^ on sterters so equipped ^ with a 
suitable claining ^ent and apply a light coat of 
engine oil en ttie spiral sleeve. Do not use pease 
to lubrtcati the drive mechanism. ITiis wUl 
usuyiy result in failure of the mechaniim to 
function properly ' 
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Before installing the starting motor in the 
fly wheel housings be sure to bend the tabs on 
the lock-washer under the Bendix 
spring- fastening screws against the screw 
heads to hold the screws securely in place, AJso 
inspect the pinion gear for wear and bumd 
edges. A worn pinion gear is often responiible 
for a motor being stuck or locked in the engine 
flywheeL 

A locked starting motor can sometimes be 
freed by cranking the engine v/lth the 
handcrank. If there is no handcrarikj or If the 
pinion will not release by this methodi you can 
try putting the vehicle in forward gear and 
pushing it backwards. Loc^ening the starting 
motor fastening bolts to release the starting 
niotor is often the best method and the safest. 



IGNrnON CIRCUITS 

Ignition, or burning of the fuel and air 
mixture within the engine, is accomplidied by 
one of two methods. The gasoline engine relies 
on an electrical spark at the spark plug while the 
dlesel uses the heat from compression to ignite 
the fuel. Since compression ignition is inherent 
vnth the diesel, only those ignition drcuits used 
wth the gasoline engine will be discussed in this 
chapter. 

Conventional Ignition circuits are of two 
types: BATTERY a^d MAGNETO, Both types 
perforrn the same function of providing a high 
voltage spark, at the right time during the 
operating cycle, to ignite the mixture in the 
engine's cylinder, A variation of the battery 
ignition circuit, called the transistorised ignition, 
is rapidly replacing the old breaker type ipiition. 
The newer desipi is an improvement over the 
breaker type and is virtually maintenance-free 
for many rnOes or hours of operation. 

THE BATTERY 
IGNITION SYSTEM 

The battery ipiltion systems you will 
encounter in Navy eqdpment are eitfier 12«volt 



or 24-volt systems* The ignition iystems are 
actually made of two separate circuits which 
work togather to cause the spark at the spark 
pAug, TKesie two circuits consist of the 
PRIMARY (circuit with reduced battery 
voltage) and the SECONDARY (ciTcuit with coil 
voltage). 



Primary Circuit 

The function of the primary circuit is to 
provide the voltage and current to create the 
magnetic field at the ignition colL In the 
diagram In figure 7-1 0^ you can trace the two 
drcuits of the battery-Ignition system. The low 
voltage circuit shown as solid black in the 
illustration contains battery voltage. Tliii circuit 
is known as the primary circuit. Current flows 
through this drcuit to ground only whan the 
ignition points are closed, Resistance is placed in 
this circuit to cause increased point life. A 
resistors or wiring in which the conductors have 
resistance, reduces primary voltage to 
approximately 6 volts during normal operation, 



Secondary Clfcuit 

TTie secondary circuit is the high voltage 
OTCuit of the ignition system* This circuit carries 
the hi^ voltage from the secondary windings of 
the ignition coil to electrodes in the distribator 
cap, then through the wiring to the spark plugs. 

Ignition Coil 

The ^nition coU (fig. 7-1 1) is made of a soft 
Iron core surrounded by two coils of wire. The 
inner coU, or SECONDARY WINDING, is m fine 
vdm consisting of approximately 22,000 tuiTis. 
nie outer PRIMARY WINDING is mitde up of 
only about 200 turns of heavy gage ^re, the 
ends of which are attached to the primary 
termindi of the coil. The secondaiy windiiig is 
woumd in the oppoMte direction of the prim wy. 
Its ends attached internally to the ptimmy 
winding and the coil tower (high temiicn 
terminal). 
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Figure 7-10,^^h@niati€\^irin9 dreurti @f m batttry Ignition ^rfem. 



To obtain tha lilgh voltage needed In die 
^Qondary circuit, the piimary circuit i§ opentd 
(stopping ciirTant flo^), causing the jnggnetic 
field in the ipiitlon cdII to collgpia. As the 
magnetiQ field collEpsas, i high electrical voltage 
is induced ,lnto the sacQudiry circuit 
(approximately 1 volt for iach turn of wire 
contained in tha secondary windiiigi). 

Sinci both tha primiry and iecondary 
mndingi of tn induction coil are statioiiwy 
vdndings, some means other than mwarnent of 
the vvindings must be found to changa tha 
magnetic field surrounding the coils. In pmcticaj 
tWi sffect ii CREATED by a iwitch devigt in 
the primly circuit* Whan the priinary drcuit Is 
cdni plate, aurrent flows through the prirnary 
coil winding, and the magnetic field buiJdi iip 
around it. In building up, the mapietic lines of 
force link the primiry and seconda^ windings 
and induce voltage in each winding. In the 
priinary winding, the induced voltage oppoies 
the battery voltage. For this reasoni the 
mapiftic field is not built up instantly, but 



requires a fraction of a second to jaach full 
strength* Tliis is called the saturatioii period. 

Conta^ct Points 
And Cam 

Th^ iwitch, which consists of cdntact points 
and rotating cam, is located in the dis^ibutor. 
Hia job of this device is to cause intermittent 
current flow in the primary cireuitj thus causing 
the magnetic field in the coll to biild up and 
then collapse when it laaches maxijnum 
strength, Tha coUapie induces a surge of highi 
voltage in ttie secondai^ wmding, and eiuies a 
brief but strong flow of cuwent in tlie siconidary 
drcuit* TTia flow of cuirent im tiie Becondary 
circuit makes a spark Jitmp across the gap of the 
p^ticiilar sptfk plug, vs^hich is corinactted into 
the secondary circuit by meMi of the 
distaibutor. 

The coUapse of the mignetfc field aSso 
induces a modemtely high-voltage surge in the 
primtfy coil winding, becausa this coil is 
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Figurs 7-1 1,— S^j 
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force* 
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CONDENSER (capacitor) is wired in parallel 
with the contact points and grounded through 
the distributor houiing, The condenser takes up 
the cun'ent from the induced priniary voltaggj 
allowing the magnetic field to collapse very 
quickly and Induce a high secondary voltage* 
The result is a good hiih-voltage spark, which is 
needed to ignite the fuel-air charge, 

Induced voltages in the primary and 
secondary coil windingi depend on the number 
of turns of wire in the two 'windings. The voltage 
induced in the secondary winding when the field 
collapses may be as high as 20,000 volts. 
. Actually^ the spark usually jumps at a lower 
^ voltage -approximately^ 10,000 volts; the 
sacondary voltage probably never goei as high as 
\ 20^000 volts, unless there is excessive resistance 
in the secondary circuit, 

lite DisWbutor 

Figure 7-12 is a sectional and top view of the 
Sf| distributor unit. The disteibutor's main 
^^fc functions are as followi: (1) to opan and close 
^fc the priman^ circuit to produce the magnetic 
^m^i buildup and collapse in the ignition coll; (2) to 
Hv conduct the high valtage surges from the 
secondary winding at the proper tinie ;and (3) to 
.^^1 direct these high voltap iui|es to the proper 
mb;Wl Sparkplugs. 

ten-' 

tetSi The distributor cap has separate tenninals for 

the high-tension leads to the spark plugs. TTie 
cap fits over the dlsttibutor housing that 
contains the condenser and breaker cam. The 
breaker cam and the rotor rotate at one'-half 
77.1 SS engine ipeed on a shaft which Is driven by the 
jiK camihaft or oil pump. 'Hie rotor conducts the 

high-voltage surge frorn the secondary to the 
septate spark plug leads. 

nes of 

T^e distributor shaft is so designed that the 
rotor makes contact with one of the spark plug 
leads each time the primary circuit is broken and 
the high voltage surge ocouri. Note iif figure 
ige of 7-10 ttiat the spark plugs and cylinders are 
iircuit, numbered in a standard nianfief beginning with 
ibutor number 1 at the front of the engine, worldng on 
ulckly back to number 6 (6-cylinder engine) at the rear 
i, thi of ttie engine. Tlie leads frora the disWbutor cap 
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7B.1i6{81F) 
PIgun 7>12.--$id* tnd vlaw of t diittlbutor. 



are so arranged f'hat the rotor will direct the 
high-voltage surges to the plugs in thti fifing 
order l-5-3'6-2-4, 

Braaksr Cam 

The breaker cam is a part of, or is attached 
to, the distributor shaft and has one lobe for 
each cylinder in a 4-sfrQke cycle engine. As the 
cm rotates with the shafts the lobes cause the 
movable contact arm to move and open or close 
the primary eircuit, At the same time the points 
open, a rotor attached to the end of the 
diitrlbiitor diaft and in contact with the center 
distributor cap contact alines with one of the 
spark plug wire terminals. This provides a path 
for the high voltage induced In the ignition coil 
to reach the spaik plug in the engine and ignite 
the fuel/air mixture. 

SPARK ADVANCE 

For efficient engine operation under all 
speed and load conditions, it is essential that the 
spark occur at the correct instant. That instant 
will vary according to the engine load and speed. 
For this reason, a mechanism is provided to 
automatically advance or retard the spark as 
engine operating conditions require. On gasoline 
enginei that you will encounter, two methods 
are usually employed to actuate the advance 
mechanism: centrifugal force and engine 
vacuum. 

Centrifugal Advance 

When the engine is idling, the spark generally 
is timed to occur just before the piston reaches 
the top of the compression stroke. At higher 
engine speedy there is less time for the fuel 
mixture to ignite and expaiid. For this reasoii, 
some means is necessary to advance the time the 
spark occun in ttis cylinder. 

This spark advance is accomplished by 
meajis of the centrifuge advafice mechanism 
(fig, 7-12). The advance mechanism may be 
found either abbva or below the breaker plate 
a^embly. 
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The centrifugal advsnce mechinism consists 
of two weights which tend to move outward 
Bgain&t spring tansion as tha distributor shaft 
rotates. Tlia faster the rotation of the shaft, the 
greater the movement of the weights. In older 
dastjlbutors, movemint of the weights w^ 
tganinilttad to th^ breaker aam so that the cam 
rotated in an advanced position In relation to 
tha distributor shaft, Most advanca mech^lsms 
that you wll encounter today have a rigidly 
attachid cam on the shaft and the breaker plate 
is caused to move. 

To obtain maximum effiQiency during 
part-throttle operation, a device known as a 
vacuurn unit. Is used to provide the required 
spark advance. This vacuum unit is needed 
because the speed of the shaft does not causa 
the spring-loaded weights to move far enou^. 

V^acuum Advance 

A conventional vacuum unit (fig. 7-12) 
utilizes enpne vacuum from the c^buretor to 
provide the additional spark advan^ required 
under part-throttle operation. The vacuum unit 
contaiiis a spring^loaded diaphragm connected 
by linkage to the breaker plate. The 
ipriiig-loaded side of the diaphragm is airtight 
and connected by tubing to the carburetor. 

At idle speeds or as the ttirottle is opened^ 
vacuuni acts on the diapliragm and causes it to 
fotata the breaker plate in the distributor. Older 
models were made to allow the vacuum unit to 
rotate the distributor housing In relation to the 
shart. 

The amount of advan^ is proportional to 
tile amount of vacuum. The vacuum unit 
con trols advance at low ipead (below 
approximately 700 rpm) when vacuum is Wgh at 
the vacuum port in the carburator. As engine 
speed increases, both advance units work 
tc^ethar during various en^na speed and load 
conditions, and enpna spark is controlled to 
provide maximum ^wer md economy, 

TRANSIOTORIZED 

iGNinoN cmcmrs 

The ^ansistorized i^iition was developed to 
elSminate some of the problams encountered in 



conventional systemi, The conventional ignition 
used a fairly higli current flow through the 
points, resulting in arcing and pitting of the 
contacts as they opened and closed. At the same 
time, wear of the rubbirig block on the movable 
contact caused the dwell to change and alter the 
coil saturation period. This created the need for 
frequent adjustment of the points. 

Early models of traniistorized ignitions 
eliminated the coiidenier and reducad the 
cuirent to tha contacti from approximately 5 
amperes to less than L TTiii type of ignition 
Improved point life conBidarablyj but the 
problem of wear on the movable contact 
rubbing block stUl remained. 

Th$ transistor ipiitiolii in use today have no 
contact points. A toothed rotating piece has 
replaced the distributor cam, and a pickup coll 
and m^net are used in place of the contacts. 
Figurei 7-13 and 7-14 illustrate the type most 
commonly encounteied 

TTie rotating piece is attached .o the 
distributor shaft and has equally spaced teeth, 
one for each cylinder. The appearance of the 
rotating piece and its trade name varies with 
each manufacturer. It may be called a 
RELUCTOR, ARMATURE, TIMER CORE, or 
TRIGGER WHEEL. 

The pickup coil and magnet are positioned 
in relation to the rotating piece in such a manner 
ttiat the magnetic field is disturbed each time a 
tooth passes the magnet. TTie disturbance of the 
m^netic field causes a very small current pulse 
to be Inducad in the piokup coil, TTiis pulse is 
used to trigger the transistor in the control unit 
(amplifier or control module in other designs). 

TTie transiBtorized circuitry in the control 
unit either lowers or stops primary current 
throu^ die ignition coil windings, causing the 
high voltage spark in fte leconda^ circuit, ^le 
transistor in the control unitp which causes this 
intennlttent ouirent flow, is a solid metallic 
derice that allows cuirent to pass until a very 
maU relay cunent is used to intemipt the 
nonnal flow. This action is instantaneoui and 
accomplished § lectronically so that no 
movement of tha parts is needed. The remaining 
parts of ttiase ignition systems are similar to the 
cohvenUonal ones discussed e^Uer. 
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mixture with exhaust circulation incorporated 
into the engine's systtm. 

Dwiil is clictronically controlled In the 
transistorized ignition and cannot be changed by 
^justmant* It can be checked with the lid of an 
ignition scope tester, Two minufacturars 
provide an adjustmint In the distributor during 
initial ^sembly, Hus adjustment should, remain 
stable as long as the componenti are not 
ghanged due to failure^ For this reason these 
lotions am considered adjustment^free. 

TTiere arc sevaral kinds of transistor ignition 
systems. They niay vary in design but their 
operating prinQipliS are similar. The main 
difference Is that in newer systems the transistor 
is friggered by m nia^etic pulse generator in a 
special distributor instead of by contact points. 

If you aver need to make repaid to a 
transistor Ignition system, consult the 
manufacturer's nanual and troublashooting 
chart. In these systiniii one flash of current in a 
reverse polari^ may darnaga soma parts of the 
system beyond repair. 

MAGNETO IGNITION 
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Most transistorized i^itton systems operate 
vnth a lugjier secondary voltage than the 
convention^ ones. Ihis higher voltage is 
necess^ mth the leaner fuel mixtures used in 
modem enpnas. Hi^er voltages are neoessary to 
provide a strong enou^ spark to i^ite the 



The magneto (fig. 7»1 5) used for Ignition is a 
self-contained unit, With the exception of the 
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spark plugs imd the wiros leading to thmm, the 
magneto includes or substitutes for all the units 
usually found in the battery-ignition system* 
THE MAGNETO PROVIDES ELECTRICITY 
FOR IGNITION ALONE AND IS PRIMARILY 
USED ON SMALL ENGINES TTIAT ARE 
STARTED BY HANDCRANKING. 

Fipjra 7*16 ihows a horseshoe magnet and 
the pole pi^p^ that produce a magnetic field. 
The primary and secondary windings are wound 
on an armature which rotates within the 
magnetig field* As the armature revolves, an 
alternating cuirent of low voltage Is generated in 
the turns of the v/'m. When this current reaches 
its highest value, the breaker points open, and 
Wgh-tension current is induced in the secondary 
vdndingi as in the battery-ipiition systeni* The 
high-tension current is then directed to the 
magneto distributor and on to the spark plup in 
the proper firing order. 

As a simple form of electrie generator, the 
magneto produces its own cuirents thus 



CABUES TOIFARK PLUGS 
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Flgura 7*16,H^ir€ulti of a high tintlon magfiito» 



elijminating the need of a battery in the ignition 
syitem. 

Types of Magnetos 

Theie are seviral types of present<lay 
magnetos that differ in magnatic circuits and in 
the way in which the low-tension cuirent is 
induced. The ROTATING ARMATURE-TYPE 
magnetOi Just describedp is the oldest and ^e 
one commonly used for automotive equipment* 
It generates low-tension cun'ent on the principle 
of rotating windings and a statlonaty field. In 
m INDUCTION TYPE OF MAGNETO, the 
windings are stationary and the magnets rotate* 

Coming-in Speed 

ITie magneto must be turned at higher than 
a minimum speed to generate a primary current 
with enou^ strength to start the engine md 
keep it running, TTiis speed will vary with 
different types of magnetos; the average is about 
100 revolutions per minute ^ and is called the 
COMING-IN speed of the magneto. 

In starting the engine, it is difficult to rotate 
tile crankshaft fast enough to produce this 
coming-in speed of the magneto* An impulse 
coupling is used to obtain an initial starting 
current from the magneto. 

bipulse Coupling 

The impulse coupling is mounted between 
tiie magneto drive from the engine and the 
magneto-driven shaft. It consists of a spring and 
ratchet drive. When the engine Is twned over by 
tiie handcrank, the spring in the device is wound 
up against a ratchet or ttlgger arrmgemant. As 
tile piston reaches firing position, the tiger 
leleases automatically. The spring, wluch is 
connected to the mi^eto4rive shaft, pulls it 
with enou^ speed to produce ciurent for one 
firing. The operation continues until the en^e 
fires and starts to run. As ttie engine speed 
inciimses, the iii.pulse coupling locte out and the 
m^neto is driven normally* 
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IGNITION SYSTEM 
MAINTEN^CE 



Both battery and magneto ignition systems 
will malfunction from faulty condensers^ points, 
or ignition ooili. Ignition troubles also result 
from loose or broken connactions caused by 
abrasion and vibration during nonnal engine 
operation* Unless the engine it ops entirely on 
the Job, trouble indications are reported by the 
driver and the equipment is tumed in to the 
shop for repairs. 

Unless the trouble is known, a systematie 
procedure should be followed to locate the 
cause. Trace the ipiHion wirei for groundss 
shorts, and open circuits. Remember, the 
electric current follows the path of least 
resistance, and it will not flow if the resistance 
of the circuit is too peat. Bare wires, loose 
connections, and corrosion are found through 
visual inspections. 

A faulty condenser or coll cannot be 
determined by visual inspection and must be 
TESTED USING SPECIAL EQUIPMENT. A 
partly discharged battery wUl affect the 
operation of the i^tion system, and is most 
noticeable when you fry to start the engine. TTie 
hydrometer or a high-rate discharge tester is 
used to test the battery. In the field, a 
discharged battery can be detected by checking 
the operation of other electrical units to which 
it supplies power, 

In servicing transistorised ignition circuits^ 
make sure you closely follow any testing and 
troubleshooting procedurei recommended by 
the manufacturer. In the absence of the 
manufacturer's procedurais the following 
procedures will apply generally to all 
transistorized ipiition circuits, 

The secondary wiring should be handled 
with care to prevent any postibiUty of dama|e 
to the internal conductor. A higher voltage is 
used in the secondary circuit and^ as a result, 
mora attention to these cables is requtfed. 
Normal 8er\dce consists of an inspection of tiie 
vdrir^ and cleaning or chwging the sp^ k plugs. 



Should you have to check the secondary circuit 
for a spark at the spark plug, hold the lead 
approximatily 1/4 inch from a good clean 
ground on the engine block with a suitably 
insulated tooL This will prevent the possibility 
of shock, or bleed off of the high voltage to 
p^ound elsewhere through the cable's insulation. 
Use care not to ground any of the 
interconjiecting wiring of the Ignition circuit 
when the switch is on. TTiii could cause dam^e 
to the control unit or other portions of the 
system* 



Spark Plugs 



Under normal operating conditions, spark 
plugs (fig. 7-17) wear out due to the destructive 
action, under intense heat, of sulphur and lead 
compounds in the fuel and the bombardment of 
the electric spark on the electrodes. It is 
reasonable to eKpect 10,000 miles of useful 
life from a spark plug which has been cleaned 
and regapped at regular intervals. However, 
operating conditions are an important factor 




Flpjr« 7«17,^$i£tiorai vigw of a typl^i si^rk plug, 
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and life expectancy of the spark plug will 
vary with the type of service in which the 
engine is used. 

The iame type of spark plug used in two 
engines of the same make and model may 
frequently show wide yariation in appearance. 
These diffarencei are caused by the condition of 
the engine, its piston rings, carburetor setting, 
kind of fuel used, and conditions under which 
the engine Is operated; namely, sustained high 
speeds or heavy loadSj continual low speed, and 
itop-and-go-drivi ng . 

Spark plup are frequently blamed for faulty 
engine operation which they do not cause, 
Repia cement of old spark plugs with new ones 
may temporarily improve poor engine 
performance because of the lessened demand 
new plup make on the ignition system. This 
cannot permanently cure poor engine 
performance caused by worn rings or cylinders, 
weak coil, worn contact points, faulty 
carburetion or other engine ills. 

Spark plug fouling may occur on new 
anginas, or on units which have new piston rings, 
during the ring seating period. Lower operating 
speeds with rich carburetor settings are also a 
factor during initial enpne run-in. In these 
instances, the spark plugs are not wom> and can 
easily be serviced by abrasive cleaning, 
regappingj and reinstalling with new seat gaskets. 
Some problems commonly encountered with 
spark plugs, due to various operating conditions, 
are discussed below. 

The experienced mechanic finds it exfremely 
helpful, when diapiosing a problem, to remove 
and examine the appearance of the plug. The 
appeaiEnce of a plug under nomial operation 
conditions is illustrated in figure 7-18. Brown to 
grayisli-tan deposits ^id sU^t elecl^ode wear 
indi^te correct spark plug heat range and mixed 
periods of hi^ and low speed driving. Spark 
plup having this appearance may be cleaned, 
regapped and reinstalled* M^en reinstalling spark 
plu^ ttat have been cleaned and regapped, be 
sura to use a new engine seat gasket if one is 
required. Some automotive-type spark plup are 
Nveled and need no gasket* 
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Figure 7»1S,^Nornial optratlon. 



Dry, fluffy black carbon deposits (fig. 7-19) 
may result from oveirich cirburetion, exce^lve 
hand choldng, a faulty automatic choke, or a 
sticking manifold heat valve. Poor ignition 
output (faulty breaker points, weak coil or 
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condenser, worn ignition cables) can reduce 
voltage and cauic mlifiring. Excessive idling and 
slow s^eds under light load also can keep spark 
plug temperatures so low that normal 
combustion depoilts are not bumed off* Fouled 
spark plugs are the result-not the cause-of this 
probleni. Spark plugs having this appearance 
should be cleaned, regapped, and reinstalled, 

Wet* oily deposits (fig, 7-20) with very little 
electrode wear may be caused by oil pumping 
past worn rings. Break-in of a new or recently 
overhauled engine before rings are fully leated 
may also result in this condition. Other 
possibilities of introduction of oil into the 
combustion chamber are a porous vacuum 
booster pump diaphragm or excessive valve stem 
guide clearances and/or defective intake valve 
seals. Usually, plup which have been foujed 
mih oil can be degreased, cleaneds and 
reinstalled. 

A HOTTER TYPE SPARK PLUG WILL 
REDUCE OIL DEPOSITS, but too hot a spark 
plug can cause preignition and, consequently ^ 
ievire engine damage* An engine overhaul may 
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Ftgure 7-20.--On fQUlIng* 



be necessary in severe cases to obtain 
satisfactory service, 

Red, brown, yellow, and white colored 
coatings (deposit fouling) which accumulate on 
the insulator are byproducts of combuition and 
come from the fuel and lubricating oil, both of 
which today generally contain additives. Most 
powdery deposits (view Ai fig. 7-21) have no 
adverse effect on spark plug operation; however^ 
they may cause intermittent missing under 
severe operating conditions^ especially at high 
speeds and heavy load. If the insulator is not too 
heavily coated, the spark plugs may be cleaned 
and regapped. Sometimes, even after cleanings 
an invisible shunt path remains, The only 
remedy under such circumstances is to replace 
the plug. 

Most powdery deposits^ as shown in view A, 
have no adverse effect on the operation of the 
spark plug as long as they remain in the powdery 
state, Howevers under certain conditions of 
operation, these deposits melt and form a shiny 
yellow glaze coating (view B, fig. 7-21) on the 
insulator which when hot, acts as a good 
electrical conductor. This allows the current to 
follow the deporits initead of jumping the gap, 
thus shorting out the spark plug. Glazed deposits 

be avoided by not applying sudden load, 
such as wide open throttle acceleration, after 
suitalned periods of low speed and idle 
operation. It is almost impossible to effectively 
remove glazed deposits; so, when they occur the 
plugs should be replaced. 

Excessive dverheating is evidenced by 
bumed or blistered insulator tips and badly 
worn electrodes. It is brought on by preignition, 
cooling system defects, lean fuel-air ratios, low 
octane fueISs over-advanced ignition timing, 
improper installation procedures, and stuck 
closed heat riser valves, (See view A and B, 
figure 7-22.) 

Install a new plug of the recommended heat 
range after the problem has been corrected. 

Sustained high speed and /or heavy load 
service can produce high temperatures which 
will cause preignition and, in this instance, a 




Chaptif 7-AUTOMOTIVE ELECTRICirY: PART II 







81.447 



Figuffi 741 .^Ddposlt feullng^ 
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coldar spark plug Aould be u§id. Pfalpiition 
oQcufs whan combustion iterts bafori the tkntd 
spark occurs. It could, for example, bs cau^d 
by a hot carbon deport in ths combustioii 
^mben 



H^t diock is a common causa of broken 
md cracfcid insidator tips* (See fig. 743.) Heat 
diock is tile result of an excesiively fast rise in 
tip temperature under severe operating 
conditions. It occu^ due to engine detonation 
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FIgura 7-23«^H^t shoek fillure. 

causid by Dver-advancad igiiltion timing, or the 
usi of too low octana fueL Detonation is the 
sudden and violent combustion of a pDrtion of 
the unburned fuel ahead of the nomiily ignited 
flami front* Detonatioii occurs p^t way 
through the burning cycle, whan the unbumed 
fuel reaches its critical temperature, and ignites 
spontaneously. The result is levere heat and 
pressure shock within the combustion chamber. 

Chipped and broken insulator tips also result 
from improper ppping tools or procedures in 
whiGh exi' ;sive or side pressuieB are exerted 
against the insulator tip. 

Eliminate the cause of trouble and install a 
new plug of the recommended heat range. 

Spark plug overheating caused by poor heat 
transfer is the result of failure to install the 
spark plug v/ith sufficiint torque to provide 
good contact betwwn the spark plug and en^ne 
seat. (See \dews A and B, flg. 1-22.) Dkty 
threads in the engine head which aUow the plug 
to seize before it is actually seated wiU also 
cause this condition. 



A new spark plug of the ricommended heat 
^ range should be installed in accordance with 
specifiad initallatlon instructions. 

Proper gasket compression must be achieved 
by installing a new plug at the specified torque. 
No gasket compresiion with a new plug and 
engine seat gasket means that little or no force 
has been applied to the gasket, In actual 
installation} it is necessary to almost completely 
compriss the gasket to aUow proper heat 
fransfer to the engine block. If a spark plug 
gasket is not tightly seated, leaking combustion 
gases wiU cause overheating. Tliis shortens the 
life of the plug due to excessive we^ of the 
overheated electrodes and, in addition^ it may 
lead to prei^ition. 

NOTE: Proper installation torque may be 
attained without compressing the engine seat 
gasket. Thread seizure, due to scaled and 
depoiit'fllled threads, may not allQw the proper 
gasket compre^ion, Operation of an engine with 
this type of installation can result in plug 
overheating and destruction of either the plug or 
engine J or both. 

In appllGatlons where liquefied petroleum 
gas is the fuel, carbon and lead deposits and 
fouling are not a problem. The only critical 
concern is electrode wear. The normal 
recommendation for liquefied petroleum gas 
applications is one or two heat ranges colder to 
increase redstanee to electrode wear, thereby 
prolonging the life of the plug. 

Sparking dirough the iniUlator to the shell 
results froni a vdsible or invisible fracture In the 
insulator caused by careless removal or 
installation of the spark plug. Frequently, this 
fracture is not visible as it Is located at the upper 
gasket dioulder inside the shell crimp. (See fig. 
7-24.) Wien testing these plugs in a compresdon 
box tester, sparks may be seen around the sheU 
at this point and^ in some cases^ may also occur 
across fee electrode gap. As tester compression 
is increased (increasing resistance across the 
gap), it will spark only through flie fracture as 
this patt tfien becomes the path of least 
resistance from center wke to shell, TOere Is no 
remedy for a broken insulator except 
replacement with a new spark plug. 
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Figuri 7-Z4*^Hem\% of iropropif jnsteMation ©r removal 
of sparkplugs. 



Before sp^k plugs are to be removed^ their 
mm should be removed carefuUy. In removing 
a spark plug wire, first paip it by the tarminal 
boot; then twist and puU on the boot at the 
same time. Do not jerk the wire from a ipark 
plug. Loosen each plug one or two tumSs then 
use compressed air to blow out any dirt around 
the spark plug hole. This will prevent foreign 
matter from entering the cylinder. 

When cleaning spark plup by the 
sandblasting method, use short blasts 
accompanied by rocking of the spark plug* After 
sandblasting, use air to remove any sand from 
the iiisulator- Next^ file the center electoode flat 
on the end and regap the spark plug to 
manufacturer's specifications. Spark plugs 
sarvicad in this manner will give mmy addition^ 
miles of semw. Overblasting and not rocking 
si»rk plup during cleaning results in dirty, 
damped insulator tips. Eroded tips change heat 
range and conductive paths mean fouled plugs, 
both r^ulti^ in poor engine operation. 

Appreciable gap wetf at low mileage usually 
indl^tes that ate engine is opiating under 



exce^ loads or that a wrong type of plug (too 
hot) is being used. Before changing to a coolar 
type plug, check the heat range with the 
speciflcation chart. If the plug showing rapid 
electrode wear is the type recommended, the 
seat gasteti should be checked. If gasket 
appearMice is satisfactory, install spark plugs at 
least one step colder, 

After several thousand miles of service, the 
spark plug gap widens md should be regapped. 
This widening is due to the combined action of 
intense heat, prepare, and coiroiive gases witiiln 
the combustion chamber together the spark 
discharges. If the electrodes have worn so thin 
that regapping would only add a few hundred 
miles of satisfactory performance, the plug 
^ould be discarded and replaced. 

\^en a plug is removed for cleaning or 
inspection, it should be regapped as specified by 
the engine manufacturer. Use a round wire type 
gage for accurate measurement of gap on used 
spark plugs. (See view A, flg. 7-25.) A plain flat 
feeler gage cannot be used to accurately measure 
the true width of the gap, (See view B, Tig. 
7^25.) 

^en regapping a plug, always adjust the 
side (ground) electrode, because sldewse 
pressure may crack or break the insulator tip. 
DO NOT use gapping pliers. 

Replace plugs with cracked or brDken 
insulators, or with electrodes badly burned, 
pitted, or worn so thin that the short period of 
additional good performance they might render 
would not Justify their installation. If the 
majority of the plugs in an engine are worn out, 
replacement of the entire set is recommended. 
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Wstributor 



By a visual lus^e^^fl cm tell whett^^f 
the distributof pQjj^ts J^^^d f^j^^wing. If pitted or 
burned, they sh^m^jl 6^ f^P^ioed. Points iho^d 
never ba filed «Qgpt ^^^fgency, 

When you j-^jjio^^ tt>e distributor eap. 
inspf Qt the P<^i*itg^ wH^re ^^pUcalbe, to init**^ 
that they are cl^^j^' U^Pml cap carefuUy for 
cracks or other ^^^ntf ^ cf^ek reaching the 
^nter terminal ^^^y Penai^ the high-tenii^^ 
riffrent from ^il t^ ^^und throu^ the 
distributor bodv^ 0he^^ tH^ rotor for cra^H^, 
corroiion, and bxij^^d 

The distribut^^ sh^ft *^^id be checked 
insure its bushijjgg sfi m\ \vom excei^v^Jy. 
Worn bushings %^jit ifl ^ f power because of 
the fluctuation igfUton jimlng. To che^^, 
grasp the top of sJi^ft attempt to m^ve 
it sidewayi in r^l^tion qj^tributor houji^S. 
If movement rj^tici^ye^ you shoold 
disa^embie the ^j^fributo^ gnd initall n^^ 
bushings. 

To remove tj^^ ^is^wlQ^ ^aft, remove (he 
drcuit breaker pj^^^, (On dl|^|butors that h^^^ 
the mechanical ^civsn^^ ^bo^^ the braaker pjat^* 
the plate will ^ofl^^ of^ yntil the shaft is 
removed.) The pl|^^ js h^U it\ position by ecraWS 
or clips. On di^^jput^^ts t^^^ have a vacuP'^ 
advance unit, yo^ ^a^^ ^'^^Ve th*^ ^nit Prior *^ 
removing the dr^m^fareater ^|^te, Next^ remc?^^ 
the gear from th^ ^rfye eaiA the distribut^'^^ 
Once the gear ^ j^eni^v^d^ ^jie shaft can 
wthdrawn from h^^tf n% The bushings 
not normally ^^^lable ^^ t^ousing and sh^ft 
ntust be taken to jj^^ I'^^^fcin^ shop to have n^^ 
bushings made jjist^^cd. 

When reasset^bjjnl trta jigtributor, j^s^m 
swe that the dti^^ ^^t hclt^ jjnes up with 
hole in the disttj^^to^ ^taif\ ^ese holes 
offset and shoulcj Wtent^'j to force the p*" 
wthout proper ajjj^^^iifitj tf^^ |ear or shaft ni^^ 
be damgged. 

It is recomni^i^j^d rmo^^ ghops to i^piace 
the oDndenser vvjj^^ tl*^ p^^^ are replaced. 
Although the out^d ^PP^^^jj^ of condens^f^ 
is nearly al^s t|^^ ^% capacity varl^^' 
Make sure you ijjg{all ttit ^^rrect condens^*^* 



otherwise, there will be excessive transfer of 
material from one contact to the other, 
shortening contact point life, 

If condensers are suipected of being -faulty, 
check them using a condenser tester, Be sure 
you f 0 Mow the instructions for testing 
condensers as given by the manufacturef of the 
tester you are using* It is advisable to Wake a 
series resistance test after installing a new 
condenser. Tliis test may indicate Qther^^efeots 
within the dlsMbutor* such as loose or corroded 
conneotionSs groundf or shorts. 

INSTALLING CONTACT POINTS is a 
comp^atively simple procedure but miist be 
done with precision and care in order to achieye 
good engine pirfonnance and economy. Make 
sure the pointi are clean and free of any foreign 
material, ' 

Proper aliiienient of the contact points is 
exto-emely iniportant* (See fig. 7^260 If the full 
faces of the contacts do not touch each other, 
the heat geiierEted by the primary cuirent 
cannot be disiipated and ^apid buming^, takes 
place* The contacts are alined by bending the 
itatlonary contact bimcket only. NEVER BEND 
TOE MOVABXE BREAKER ARM. Make sure 
the breaker arm rubbing block rests flush against 
the distributor cant* A small amount of 
approved lubriQation should be placed on the 
QBm to prevent rapid wear on the rubbing, block. 

Contact spring tension muM be within the 
nianufacturef*! specifications, If the tension is 
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too w^k, the points will bounce or noat (tend 
to remain open it speed.) As the points 
bounce^ they interrupt the pmnary cufferit and 
do not allow the saturation of the iffiltion coil 
ttot is necessary to develop the hl^ voltage 
needed to fire the spark plugs. If the spring 
tension is too W^, the nabbing block will wear 
prematurely* 

The terms DEGREES OF DWELL and 
DWELL both refer to the humb^ of degrees 
the earn rotates whUe the points we 
olosad in each cycle. Contact point opening has 
a direct effect on de^ees of dwelL As tte point 
opening is increased the degrees of dwell 
dea^ea»; and, as the point opening is deCTeaiad 
the depe^ of dwel} increase. The cam an^e can 
be checked by using a dwell meter. First adjust 
the point opening with a feeler pge; then check 
the point dwell with the dwell meter to sea if 
the readinp are within the mMiufacturer's 
specifleations. Some engine tuniup charts list 
only dapees of dwell rather than point setting, 
A dwell meter must be used for Qorract setting 
of the points. If the cam angle is not within the 
manufacturer's specificationsp inspect the 
distributor for a woti breaker pkta* worn carnj 
shaft, worn bearing or bushing^ and bent breaker 
arm* 

Hie external contact point adjuitment on 
some Delw-Remy distributors makes it possible 
to adjust the dwell with the engine operating* To 
do this, operate the en^ne at idUng speed. Raise 
the window on the disfributor and insert a hex 
wench in the point adjusting screw* With the 
dwell meter attached, rotate the adjusting screw 
until the spedfled dweU is obtained. On ftls 
type of distributor, the contact point set Is 
replaced as one complete assembly. Hie 
replacement set has the breaker level ipring 
tension md point aJinement adjusted at the 
factory. Only the point opining requirei 
adjusting after replacement. 

Ipiition Timing 

Standard setting of timing as recommended 
by the manufacturer is desired to obtoln 
maximum power, performance and econoniy 
under average <Wving conditions, ITiere are 



timing mirks on either the flywheei or the 
crankshaft vnbration damper* 

To time tiie engine, clean all the grease and 
dirt from the timing mark md reference pointer. 
Dmw a chdk line over the timing mark to make 
it easier to see. Connect the timing Ught to the 
high tension lead of the No. 1 spwk plug and the 
power leads to the power supply* Connect a 
tachometer, if available, to the primary circuit 
of the distributor, Wafm the engine to nomial 
operating temperature and adjust Ae idle speed. 
Remove the distributor vacuum line and plug 
ttie opening to the carburetor or manifold* Aim 
ttie timing Ught flashes at the timing mark and 
reference pointer. If the timing mw^k and 
pointer do not line up, loosen the distributor 
and turn it in its mounting until tiie timing mark 
is in aUneinent with the pointer, tiien secure the 
disttbutor. You diould then check to see if the 
automatic advance mechanism is working. This 
can be done by keeping the timing li^t flashes 
aimed at the timing mark and gradualiy 
increasing the engine spaed* If the advance 
mechaniim to worWng, the timing mark should 
gradu^ly move away from the pointer. If the 
timing mark fails to move as flie engine speed is 
increa^d, or if it hasitatas and then suddenly 
jumps, thi advawf mechanism is not 
functioning properly and should be repaired. 
Replace tiie distiibutor vacuum Una and see if 
the timing stlU confonni to the manufacturer's 
specifications. If the iiniii^ is NOT advanced 
when the vacuum line is connectied and the 
throttle is opened tf^tly, tiie vacuum advance 
unit Of tubuig is d^fectivft. 

Waterproof Ignition 
Syitems 

Since taGtical vehicles iometimes operate 
under v&iy wet conditions and must be able to 
ford fair^ deep watew, it is necessary to 
waterproof the Ignition system, Waterprooflng 
means that the system must be so wataitight 
that the componants continue to function 
normally aven while totally immwsed* 

The distibutor and iputiDn coil are se Jed in 
a common housing and enclosed by a common 
TOver. TWs unit alio has a means of ventilating 
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thi diitributor> ihus priventirtg the 
gondansation of wat&r and the fomiation of 
harmful chemicals, The ventilitio^ is 
accomplished by connecting two tubes to th€ 
distributor J oiie leading to the air cleaner (from 
which dgan air can be obtained) and the ottier 
to the intake manifold, TTie inttka manifold 
vacuum causes air to pass throu^ the 
distributor from the air cleanarj, thus keeping the 
distributor well ventilatid. 

The voriotis leads tn the ignition system are 
enclosed in a watertight conduit. This conduit 
prevents moisture froni getting to the leads ^wth 
resultant insulation deterioration. 

The repaid and maintenan^ of waterproof 
ignition systems are ^mUar to conventiorial 
systems. Tha same tests and checks should be 
made, but in most cas^s special adaptoim foruia 
on the waterproof connections are furnished 
with the test equipmant. When replacing any 
connection on the waterproof systems make lurs 
the gaskets and seals are in good condition and 
wterprool 



LIGHTmC CERCUrr 

The lighting system of automotive vehJcles 
includes the headllghte, tail lights, dash lights, 
domt Jighits and signal and warning Eights. 

The manufactfiirer has provddid your 
equipment with an electrical system which 
includes all tha lifting circuits required for the 
job the equipment is designed to do. Some are 
rnore compliQated than others but include the 
same basic units. The most important of these, 
which you will find in almost dl equipment, are 
the lights (janips), switches^ and fuses or circuit 
breakers. 

LAMPS AND BULBS 

When operating it nighty hegvy duty (la^e) 
toucka and buses are lit ijip Uke a Christmas trfee, 
In addition to the headlights and tail li^ts, 
which Bx^ the inirumurn ninning lighte required 
fe^ law for all Vihicles at ni^t, these frucks and 
buses require Indicting U^ts, sometimes called 
position lights. Tliese li^ts show the leingttij 



height, and width of the vehitle. The auxiliary 
lights are convenience lights for the operator and 
passengers. Convenience lights include daih or 
panel lights and dome lighti. 

Each group of lights in a branch circuit of 
the lifting system is protected by a fuse or 
circuit breaker, and is provided with a switch, 
Each light in the group Is provided Mth'one or 
more Ught bulbs which is rated for the particulw 
circuit. 

Li^t bulbs used m Navy equipinant are 
made to operate on a low voltage curreiit of 1 2 
or 24 volts, dependini upon the vcltage of the 
electrical system used. Bulbs are rated as to size 
by toe candlepower of light they produce. They 
mnge from small one-half-candlepo\var cUlbs to 
laiga SO-cmdlepower headlight bulbs... The 
P^eater the candlepower of the bulb^, the more 
current it requires ^han lighted. Bulbs are 
identified by a number on the base. 

When you replace U^t bulbs in a vehicle, be 
sure the new bulb is of the proper rating. With 
the exception of the sialed beam bulbs, the 
otter bulbs within the v?8hicle wHl fcg of the 
single or double contact with nibs, to fit bayonet 
socketij as illustrated in figure 7-27* 
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Figyre 7^28«— Atypical ml«d btam jN^dlamp assimbly. 



Tha laaled beam light is actually a large bnlh 
(fig, 7-28), TTie bulb consists of a lens, two 
filaments, and its own intepal glass reflector. 
One of the filmnanti is used as the upper, or 
high, baam for country or open highway driving, 
and the other is used as the low beam for 
oncoming highway traffic or city driving. When 
iither of these fllmients bums out, the complete 
unit must be replaced. 

Most veUelas (commerclri) have four seated 
beam headUghts, two on tach fender (fig. 7-29). 
The outbMrd ll^ts are typical sealed beam 
lights as describad abova and are niarked with 
the numeral 2 inoldad on the upper portion of 
the lens. The inside^ or inboard, headUghti 
have one fitonent and are marked with the 
numeral 1 molded on the up^t portion of the 
^ass lens (fig* 7-29)* TTie inboard li^ts operate 
with the high beams of the outboard headlights 
for coimfry driving. For dty dri\dng, or for 
meeting onwmfing open highway traffic, the low 
beams of the outbo^d headlights are used; the 
inboard lights are out when ttie low beams are 



HEADUGHTS 

Headli^ts are tasted for intanilty and aim. 
lihe focus of sealed beam Mghts is pre-set at the 
time they are mMUfactuied, Therefore, your 
wrtcem voU be the aimmg and tiia InteTOty pf 
the headlights. Aiming is accomplished as 
indicated in figure 7-29. Traffic laws raquire that 



headlighti be of sufficient intensity to reveal 
pe^ons and objects for a diitance of at least 350 
feet ahead* The minimuin output established by 
most States to fulfill this requirement for upper 
and lower beam is 5,000 and 3,500 
eandlepower, respectively. 

Your shop may Be provided wifli a m©ter 
that measures the headlight intemsity 
Cgandlepower)* This meter can be used in 
conjunction with a soreert for aiming the lights* 
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Haadlight tester that can be usad for aiming, as 
well as for miasurtng, the intensity of the light 
also afB available. 

Using Scrien For 
Auning Headl^^ 

AlthDu^ a metif may not be available for 
measuriiig headlight inten^ty, you should 
nevarthelass insure that the haadlights of 
vehicles are aimed coirectly; a headlighi that Is 
not aimed properly may blind drivers of 
oncoming vehigles. 

A screen can be made that \yill enable you to 
test headlight aim* Wlien making a. screen you 
should put ordy the headlight center level and 
vehicle axis lines on it. These lines can 
accommodate all types of veliides. 

The screen for aiming haadlights (fig. 7-30) 
should be no less than 10 feet wide and 42 
inches high* When it is mounted on a frame or 
easel with casters, the screen should be no more 
than 1 2 Inches from the floor surface. 

By moving the screen up or down* the 
headlamp level Une can be made to conform 
with the measured height of any headlamp being 
tested. Moving the vehicle or the screen left or 
right will accomplish accurate alinement with 
the veWde axis line. After these basic steps, 
vertical lines confomiing to the distance 
between the canters of the headlamps can be 
added either by line or tape. Th^ vertical lines 
should intercept the headlamp level line at a 
point nraasurad from the vehigle B%i% line 
exactly ome-half the distance between the lamp 
centerSi 

To eomply with regulationi of most 
localities the screen should be placed 25 feet 
ahead of the headlight. Make sure all tires on the 
vehicle are pro\perly inflated. The vehicle should 
have a full tank of fuel (to compensate for 
weight) and no one other tJiin the operator 
should be in the vehicle. 

Before beginning the tctwal tests or 
adjustments, check the lighting re|ulations for 
your particular location* lUustmtioiis of proper 
li^t patterns and su^estions fw inspecting 
parts of the headli^t asiainbly are often 



CENTtRLINE OF 
NiAPLAMPS 




2 INCHES 
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Flgufi 7-30*--Scraen for ehtcking aifti of headlighti. 



included in regulationi available from the local 
traffic authorities. Adjustments for aiming 
headlights may differ for various makes of 
vehicles. Check the manufacturer's manual for 
the particular make and model of vehicle being 
inspected. 

When aiming the headlights of a vehicle 
using the 7-lnch sealed beam light unitj 
remember that the pattern of the upper or 
driving beam is the one that will be aimed. The 
7-inch lamp is designed so that when the upper 
beam Is aimed correctly the lower or passing 
bearn will also be aimed correctly. Cover (he 
lamp that is not being aimed so that one be^rn 
will not interfere with the other. 

The accepted driving beam pattern for 
passenger vehicles will show the high-intensity 
portion (hotspot) of the light rays centered on a 
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CENTERLINI AHEAD 
OF LEFT-HAND LAMP. 



HOTSPOT SHOULD BE 
CENTERED UP AND 
DOWN GN LINE A-A- 



B 



■ AKIS 

HOTSPOT SHOULD 
SE CENTERED SIDEWAYi 
ON LINE B-B 




VHOTSPOT OF HEADLAMP 
UPPER BEAM 
I 

NO FURTHER ADJUITMENT IS 
NEEDED FDR LOWER BEAMi 



B 



^QENTERLINE AHEAD 
OF RISHT-NANOLAMP 



'HEADLAMP CENTER LEVEL 



t FOR ALL VEHICLES 



• AIM\Ri8HT-HAND LAMP 
SAME AS LEFT. EXCEPT 
CINTIR HOTSPOT SIDE- 
ON LINE G-0 



AIM UPPER' BEAM OF LEFT NEADLAMP 



2 J 26 



Figure 7-31»-Ampttd btam pattern for ainiing passenger vehicle hMdllghtii 



hcrizontal Una whkli is 2 inches below the 
oantf r or horizontal referenci lini on tht scimn. 
(See fig. 7-3 L) T^is maim that thi^ will be a 
2-inch drop of the light biam for every 25 feet 
of distanca from the bulb. 

Headli^ts on truckB present a ipecial 
problem because of the effect of a haavy load. 
kt the same distanca of 25 feeti truck headlights 
shoiild be aimed so that none of the 
high^ntensity portiom of the light wUi project 
Ugher than a level of 5 inches below tiie center 
of , the lamp being testad. TTiis Is necesiary to 
confipansate for tfia variations in loading. Bus 
Keidlights present a somewhat similar situation 
except that the effect of a load is not quite as 

Some iBTge aquipriiant will have fte lamp 
CMters higher than the testing screen. In this 
casSj place the screen 75 feet ahead of the lights 
and adjust the horizontal Una on the screen to 
42 inches; the top of the hotspot of the beam of 
Ught shoidd not be above the horizonlHl line on 
the screen* 

^en using a screen for aiming fte 
headlights on a vehicle that uses the 4-headIight 
systcnii adjust the hotspots of the No, 1 



(inboard) lamps so that they are centered on the 
vertical lines 2 inches below the horizontal line. 
(Sie fig. 7-320 The low beams of the No. 2 
(outboard) lamps are ainnid so that the tiotspot 
does not extend to the left of sttaij^t ahead or 
extend more than 6 inches to the right of 
strai^t ahead. The top of the hotspot of the 
No. 2 lamp is ainiad at the horizontal lina^ as 
iho\m in flgu^ 7-32. Whan the low beams of 
the No, 2 lamps we properly adjusted, the high 
beam mil be coirect. 
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Using Keadlifht Tester For 
Checking HMdli^its 

When using a headlight testing device for 
checking beam patterns, measuring beam 
candlepowar^ and adjusting headlamps, follow 
the instructioris furnished by the manufacturer. 
Headlight testers differ considerably in design 
and operating characteristics; therefore, correct 
instructions for using one tester will not be 
correct for another. 

The headlight tester may be one that is 
permanently installed on a track or it may be 
portable. The floor where the permanently 
installed taster is used should be reasonably 
leveU and In case there Is a slope to the floor the 
tester must be adjusted to this slope, Since a 
permanently installed tester will always be used 
in the same location, it can be adjusted to the 
slope of the floor when installed. On the 
portable-typa tester, the testing unit must be set 
to the slope of the floor for each location where 
it is being used. ^ 



Figure 7''33 shows a beam pattern being 
checked on a Bear headlight tester screen. Figure 
7-34 Illustrates the lame machine being used to 
obtain a candlepov^er reading of the headlamp 
beam. Notice theiniageof the photoelectric cell 
on the screen and the reading on the output 
meter. To check candlepower in this manner, 
simply turn the snnall handle mounted on top of 
the testing unit to the left until the photocell 
touches the glass holding the screen. Then raise 
and lower the photocell with the same handle 
until the highest reading is obtained on the 
output meter. Be sure the hotspot of the light 
beam is centered on the vertical line before 
attempting to take a candlepower reading. 

If the beams are aimed properly but do not 
meet the required candlepower, check the wires 
and connections in the circuit. Poor light from 
sealed beams is often the result of a loose 
connection, bad ground, or use of undersized 
wire. Any one of tliese increases the resistance 
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206 



2.129 

Flguri hmm ^ndldpowtr with a S^r 

ttmr, 

214 



Chapter 7-AUTOMOTIVE ELECTRICITY; PART U 



of the circuit. If you can't find a fault in the 
wiring or connections, replace the sealed beam 
unit. 

CIRCUrr BREAKERS, 
SWlTaHES, iW>«D FUSES 

Most svrttches are placed on the Instrument 
panel cloie to the driver, or operator. The fuses 
or circuit breakers can uiually be found behmd 
the instrument panel on a fuse block, as shown 
in the wring di«pam ta flgure 7-35. 

The light control switch of the push-pull 
type shown in figure 7-36, is a common type of 
switch and usually controls three circuits as 
illustrated. If you must replace such a switch, be 
siire you tag your wires before removing them, 
or change them from the old to the new switch 
one at a time. Removing the grounded battery 
terminal befor* making an instaUation of this 
kind will prevent Wowing out fuses. 

U^t switches are placed in series with the 
circuit they control tetween the source of 
current and the Ught bulb. Be sure the light 
switch terminals are not grounded to any part ot 
the frame or body to which they are fastened 
for support. If grounded, the lights in the cwcuit 
^mll not bum. STOP LIGHT SWITCHES, m 
Tj^eh the contacte close automattally when the 
brake pedal is depressed, are of two types: 
pressure and mechsmical. 

nie most commonly used stop light switch 
is the pressure type, wWch closes by either air or 
hydraulic pressure acting on a diaphragm mside 
the switch. TTtis switch is usually attached to the 
^ Iwake valve (on airbrake systems) or the master 

cylinder. < , ^ . . . 

' The mechanical type of stop hght swnch is 
mounted under the dash on the brake pedal 
support bracket. This switch operates 
'^ 'liiecimnically by spilng preaure when the brake 
pedal is depre^d. You wfll find the mechanical 
type of switch frequently used on aU vetoles 
with dual hraldng systems (independent front 

and reaj systems). . - , * • , 

Fuses are safety devices placed in electncal 
circuits to protect wires and electrical units from^ 
a heavy flow of cunwt. Each circuit, or at least 
each indiWdual electrical system, is provided 
with a fuse that has an ampere rattng for the 
. : maximum curi«nt required to operate the umts. 



: =*'--. iff;.- 



The fuse element is made from metal with a low 
melthii point, and forms the weakest point of 
the electrical circuit. In case of a short circuit or 
other trouble, the fuse will be burned out Tirst 
and open the circuit just as a switch would do. 
Examination of a burned out fuse usually sves 
an indication of the problem. A discolored sight 
glass indicates the circuit has a short either m 
the wiring or one of its components. If the fl^s 
is clear, the problem is an overload in the circuit. 

Be sure, when replacing a fuse, that it has a 
rating equal to the one burned out, and that the 
trouble which caused the failure has been found 
and repaired. 

VrtftmG CIRCUITS 



Among your many duties will be the Job of 
maintainmg and repairing automotive velucle 
electrical systems. All vehicles are not wired m 
exactly the same manner; however, once you 
thorou^ly understand the circuit of one 
vehicle, you should be able to trace an electncal 
circuit in any vehicle. 

ELECTRICAL TROUBLES 

In the maintenance and repair of electrical 
systems, troubleshooting is the biggest job. 
When the Utfits go out, or the electric starter 
will not work, you cannot always expect to find 
the trouble in a dead storage battery or faulty 
generator. Most troubles are due to other causes, 
usually bare wires or poor connections. 

Each piece of equipment is provided with an 
operations and maintenance manual. In the 
manual you will find wiring diagrams, which 
may not be as complicated as the one shown m 
Sgure 7-35. The diagrams will show how the 
electrical units in the equipment are connected 
and the location of fuses and automatic 

switches. j # ». 

Many diagrams show a color code for eacn 
wire in a particular circuit. The headlight circuit, 
for example, may have wires marked BK and G 
which would mean black wire cable and green 
wire cable. Wures in another circuit could be 
marked WR to indicate a white wire with a red 
tracer. Whether the diagram shows these 
disipiations or not, you will find wires of the 
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color code is coromon to all maiufactureii. For 
this rtiion, the inanufacturar's maintenance 
manual is a must for speidy troubleshooting and 
repairs. 

The wiring found on tactical equipment 
(M-series vehlclei) has no color coding* All the 
wire used on these vehicles is black. Small metal 
tags, stamped with numbers, are used to identify 
the wiring illustrated by diagrams in the 
technical manuals provided with the equipment. 
These tags are securely fastened near each end of 
indiNidual wires. 

WIRING DUGRAMS 

Often you wiH And ELECTRICAL 
SYMBOLS used in wiring dia^ams to simulate 
the individual components. Figure 7=37 
illustrates some of the symbols you may 
encounter when tracing individual circuits in a 
wiling diagram. 

Diagrams seldom show the routing of the 
wires within the electrical system of the yeliicle. 
Most only show the general location of the 



components in relation to each other and 
identify the wires that connect them in the 
system. 



PREVENTIVE MAINTENANCE 

TTie wiring diagrams tell only what circuits 
and units are m the equipment-not where they 
are placed— nor how they are actually 
connected. Electricity will flow in the path of 
least resistancej and if the resistance is too great, 
will not flow at all. Keep these facts in mmd; 
they will answer many of your problems in the 
mdntenance of lifting systems* Notice the 
method of grounding the battery to the frame. 

The short circuit illustrated In view A, figure 
7-38 shows what happens when the wire 
insulation wears through* Current from the 
battery will go directly to ground and result in a 
dead batte^. Hiis same condition is common in 
circuits found on all types of equipment. 
Usually the light or other accessory will not 
function properly or will fail to work at all 
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Figure 7-3S<-(A) ^ort dreuit; (B) Opin eireult 



bacause a fuss or circuit breaker has opaned the 
circuit. As mentioned praviouslys the fault is not 
the iafety device, and the real problam must be 
corrected before the circuit wUl function 
normally. Short circuits of this kind can result in 
fire from overheated wires* or from sparks 
resulting from the bare wm m^ing and 
breaking contact with ttii car frame. 

The open circuit caused by a loose 
connection (as shown in vlewB, fig* 7-38) is 
common in electric^ systems. The expression 
OPEN CIRCUrr is used not only when the wire 
connections are actually separated as in a switch^ 
but ^§o when the resistance in the wiring circuit 
is so peat that no current CBn flow between the 
battery and the unit it operates* An example is 



rust and corrosion that forms or accumulates at 
a joint or wire terminal that actually feels tiglit. 
TTiis condition is very often found at the battery 
tenninals between the terminal and cable clamp, 

WIRING HARNESS 

Wiring harnesses serve two purposes. They 
prevent chafing and loosening of terminals and 
connections caused by vibration and road shock 
while keeping the wires in a neat condition away 
from moving parts of the velucle. A wiring 
harness contains a number of wires inflated by 
tape or a nonmetallic braided covering. As 
shown in figure 7»39, each wire Included In a 
wiring hamess can be used for a separate circuit. 

mm SUPPORT 

AND PROTCCTION 

Wires in the electrical systems should be 
supported by clamps or fastened by tape at 
various points about the vehicle. When you 
instdl a new wire^ be sure to keep It away from 
the hot engine parts that would scorch or bum 
the insulation. Wires passing throu^ holes In 
metal membeis of the frame or body should be 
protected by rubber grommets or several turns 
of friction tape to prevent chafing or cutting on 
sharp edges. 

GROUND CONNECnONS 

Be sure that the ground return connections 
made to the chassis frame or engine are clean 
and ti^t. Where the engine or body is mounted 
on rubber or other insulating materialj there 
should be a flexible met^ connection, A half 
turn on the fastening sciew or bolt will prevent 
the fonnation of a film of rust or corrosion. 
Even if this screw or bolt is tlglits rust or 
corrosion at the ground connection will prevent 
current from flowing in the circuit. 

niLD AND SHOP REPAIR 

Dependable operation of the electrical 
syitems is your responsibility. Usually you will 
make limited repairs in the field and do your 
overhaul in the shop. In the shop the electrical 
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'TO SOLENaiD SWITCH 
FflOM STARTER IWITCH 
NO. U VeLLOW- BLACK TRACER 



TP iATTlRY 
PnOkA AMMETER 
He \2 iED . iLACK TRACER 



HIAD LAMP WIRiS 
TO LlaHT f1_Ua CONTACT 
HQ, 1 BRIGHT * NO* 14 iLACPC - RID TRACER 
NO. 2 DIM ^ NO. M ORiiN 

NO. 3 FARICINO • NO. U BROWN - SLACK TRACER 
THESE mRU OS TO FQQT LieHT SWITCH 



TQ IgNITIQN COIL 
NO 14 RgO . TiLLOW TRACER 




TO FOOT SWITCH FROM 
HEAD LAMPS AND SWITCH 



TOCINTIR TERMINAL 
□N FOOT SWITCH 
NO. 14 yiLLOW - RED TRACER 

NO. U BLACK « RED TRACER 
LIVE Wme TO STOP LIOMT SWITCH NO 14 iLUl 

TO OAS OAUQE ON TANK HO 14 YELLOW 



TO LOWER POST 
ON OAS OAUGE 
NO 14 RED YELLOW 
TRACtR 



TO LOWER POST ON 
lONITiON SWITCH 
NO 14 RED - yiLLOW 
TRACER 



TO LOWER POST ON 
AMMETER ^ FROM 
lATTERY 

NO 12 RED. BLACK TRACER 



TO PARKINO LIOHTS 
HO H BROWN * SLACK TRACER 



TO TAIL LIGHT HQ 14 BLACK 



— LIVE WlRf TO HORN NO U SLUE 



TO STARTER SWITCH 
FROM SOLENOID SWITCH 
NO 12 YELLOW . BLACK TRACER 



TO UPPER POST ON GAS OAUOi 
NO 14 YiLLOW 



— TO TAIL LAMP NO 14 BLACK 

TO CENTER POST ON FOOT LIOHT SWITCH 
N014 YELLOW ^ RED TRACER 



LIGHT SWITCH 



Figure 7-3i,-A typleal wlrli^ hsrnass. 
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units are disassemblid when major itpairs 
raquira spacial tools md equipment. 

But, if you flnd electrical troubles in the 
field that you do understand and feel gonfldent 
that yo^ can repair, do not make just a 
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tempomry fix; do it right the fmt time. You will 
iive time in the end and gain the confldenee of 
your supervisor m well as the operator. Should 
there be some question about other troubles you 
will surely mn into, check your operation and 
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repair manual and report what you have found 
to the chief in charge of the shop. 

SOLDERING 

Soldering operations are a vital part of 
elictrlcal mdntenance procedures. Soldering is a 
manual skill which can and must be learned by 
aU personnel who work in the field of 
electricity. Practice is required to develop 
proflciency in the techniques of soldering; 
however, practice serves no useful purpose 
unless it is founded on a thorough understandini 
of basic principles* TTiis discussion is devoted to 
providing information regarding some important 
aspects of soldering operations. 

Cleanlineis is necessary for efficient^ 
effective soldering. Solder will not adhere to 
dirty, greasy, or oxidized surfaces. Heated 
metals tend to oxidize rapidly, and the oxide 
must be removed prior to soldering. Oxiffesr 
scale, and dirt can be removed by mechanical 
means (such as scraping or cutting with an 
abrasive) or by chemical means. Grease or oil 
films can be removed by a suitable solvent. 
Qeaning should be accomplished Immediately 
prior to the actual soldering operation. 

Items to be soldered should normally be 
tinned before making mechanical connection. 
When the surface has been properly cleaned^ a 
thin, even coating of flux may be placed over 
the surface to be tinned to prevent oxidation 
while the part is being heated to soldering 
temperature. Rosin core solder is usually 
preferred in electrical work, but a separate rosin 
flux may be used when tinning wires in cable 
fabrication. Tinning is the coating of the 
material to be soldered with a light coat of 
solder. 

The tinning on a wire should extend only far 
enough to take advantage of the depth of the 
terminal or receptacle. Tinning or solder on 
wres subject to flexing causes stiffness, and may 
result in breakage. 

The tinned surfaces to be joined should be 
shaped and fitted, then mechanically Joined to 
make good mechanical and electrical contact. 
They must be held rtill with no relative 
movement of the parts. Any motion between 
parts mil likely result in a poor solder 
connection. 
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ITie induction type soldering iron (most 
often referred to as soldering gun) is shown in 
figure 7-40. It contains a stepdown transformer 
in its body, Th& transformer secondaty output 
current flows through the tip, causing it to heat. 
The tip heats only when the trigger is depressed, 
and then very rapidly. Thn type of iron affords 
easy access to cramped quarters^ because of its 
small tip. It usually has a small light which Is 
focused on the tip working area. TTie soldering 
tip is replaceable. 

Tinning of the tip is always desirable unless 
it has already been done. TTie gun or iron should 
always be kept tinned in order to permit proper 
heat transfer to the work to be soldered. 

To solder an electrical connection, the 
tinned portion of the iron tip is held flat against 
the connection, as shown in figure 7-41. Touch 
solder to the connection until the entire 
connection is covered with molten solder. 
^ Remove the solderj but continue to apply heat 
for a moment; then remove the iron and allow 
the solder to harden. The solder should always 
be melted by the heated wire and not by the 
iron. Melting the solder onto the iron and then 
transferring it to the connection often results in 
a cold solder joint, with the solder not actually 
holding to the wire or connection. Only enou^i 
solder to fill all crevices and spaces in the joint 
should be used. 
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Flpjre 7^40«^SQlderfng gun. 
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S14S4 

Figure 7^41.— Satdertng i ^li^. 

Both thi solder md the material to be 
soldered must be heated to a temperature which 
allows the solder to flow. If either is heated 
inidequatelys cold solder Joints result. Such 
joints do riot pro\dde either the physical strength 
or the electrical conductivity required. 
Appreciably exceeding the flow point 
tempf rature, however. Is likely to cause damage 
to the parts being soldered. Various types of 
solder flow at different temperatures. In 
soldering operations^ it is necessary to select a 
solder that will flow at a temperature low 
enough to avoid damage to the part being 
soldered, or to any other part or material in the 
immediate vidnity. 

The duration of high heat conditions is 
alm^t as important as the temperature. 
Insulation and m^y other materials in electrical 
equipment are susceptible to damage from heat» 
They are damaged if exposed to exce^ively high 
temperatures, or deteriorate if exposed to less 
drastically elevated temperatiires for prolonged 
periods. ITie time and temperature limitations 
depend on many factors--the kind and amount 
of metal involved, the degiee of cleanUne^, the 
ability of the material to withstand haatj and the 
heat transfer and dissipation charicteristics of 
the sun^oundinp. 

Hie three gmdes of solder generally used for 
electrical work are 40^60, 5^50, and 6040 
solder. Tlie fi^t figure is the percentage of tin, 
while the other is the percentage of lead. Solder 



with a high tin content melts at lower 
temperatures, flows more readily, cools faster, 
and is easier to work with than solder with a low 
tin content. 

In addition to the solder, there must be flux 
to remove any oxide film on the metals being 
joined, otherwise they cannot fuse, "nie flux 
enables the molten solder to wet the metals so 
the solder can stick. The two types of flux are 
add flux and rosin flux. Acid flux is more tctive 
in cleaning metals but is corroiive. Rosin is 
always used for the Utfht soldering work in 
makhig wim connections* Generally, the rosin in 
ttie hollow core of solder intended for electrical 
workp so that a separate flux is unnecessary. It 
should be noted, tiiou^, that the flux Is not a 
substitute for cleaning the metals to be soldered. 
The metal must be shiny clean for the solder to 
stick, 

SOLDERLESS CONNECTORS 

Splices and terminal lugs which do not 
require solder are more wdely used than those 
wWch do require solder. Solderless connectors 
are attached to their conductors by means of 
several different devices, but the principle of 
each is essentially the same. They are all 
squeezed (crimped) tightly onto their 
conducton. They afford adequate electrical 
contact, plus peat mechanical strength. In 
addition, solderless connectors are easier to 
mount correctly because thay are free from the 
most common problems of solder connector 
mountmg; namely, cold solder joints, burned 
Insulation p and so forth. 

Solderless connectors are made in a great 
variety of sizes md shapes, and for many 
different purposes* 

ThB crimp^on splice (flg, 7-42) is the 
simplest of tiie splices. ^ ITie type shown is 
preinsulatedj ihougji uninsulat^ types are 
mmiufactured. These splices are mounted with a 
special pUe^Uke hand-crimping tool designed for 
that purpose. TTie stripped conductor tips are 
inserted m the splice^ which is then squeezed 
ti^tly closed, Th^ insulting sleeve pips the 
outer insulated conductor, and the metallic 
Internal splice grips the bare conductor strands* 
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TAPE 

Putting rubber tape over th© ipUce means 
that the insulation is being restorid to a great 
degrae. It is also necessary to restore tiie 
protective covering. FRICTION TAPE is used 
for this purpose; it also affords a minor degree 
of electrical insulation. 

Friction tape is a cotton cloth that has been 
treated with a sticky rubber compound. It 
comes in rolls similar to rubber tape except that 
no paper or cloth separator is uied- Friction tape 
is applied like rubber tape; however, it does not 
stretch. 

The friction tape should be started slightly 
back on the ori^nal braid covering. Wind the 
tape so that each turn overlaps the one before it; 
and extend the tape over onto the brmd covering 
at the other end of the splice. From this point a 
second layer is wound back along the splice until 
the ori^nal starting point is reached. Cutting the 
tape and firmly pressing down the end complete 
the job. When proper care is tak©n^ the splice 
can take as much abuse as the rest of the wire. 

PLASTIC ELECTRICAL TAPE has come 
Into wide use in recent years* It has certain 
advantages over rubber and friction tape. For 
example, it will withstand higher voltages for a 
pyen thickness. Single thin layers of certain 
commercially available plastic tape will stand 
several thousand volts without breaking down. 
However, to provide an extra mar^ of safety, 
several layers are usually wound over the ipUce, 
Because the tape is very thin, the extra layers 



add only a very smdl amount of bulks but at the 
same time the added protectionj normaliy 
furnished by friction tapej is provided by the 
additional layers of plastic tape. In the choice of 
plastic tape, the factor of expense must be 
balanced against the other factors involved. 

Plastic electric tape normally has a certain 
amount of stretch so that it easily conforms to 
the contour of the splice without adding 
unneceKary bulk. The lack of bulkiness is 
espedally important in some junction boxes 
where space is at a premium. 

ELECTRICAL HRES 

Electrical fires are extremely dangerous^ 
because of the danger of electrical shock, In 
automotive vehicles the pease and oil drip onto 
md stick to the ensne block and other 
accessories, adding to the fire hazard. 

A short circuit in an automotive vehicle 
electrical system will not always cause a fire, but 
a fire can easily result from such a defect. By 
frequently mipecting,. repairing, and maintaining 
the electric^ system in the vehicle, you help 
prevent fi^s and electrical failures. Not only 
must you know how to prevent fires, you must 
also know what to do in c^e a fire gets started. 
Remember? NEVER USE WATER ON 
ELECTRICAL OR PETROLEUM FIRES. 

The con'ect extinguishing agent for electrical 
fires is CO^^ 



ACCESSORY CIRCUn^S 

Accessory circuits are provided on Navy 
vehicles for convenience and safety. Accessories, 
such as turn sipials, windshield wipers md 
washen, and heaterSj m Ae operation of the 
vehicle convenient for the operator. You wiU 
find that some accessories formerly used only in 
the passenger cars bi§ presently being used on 
military trucks and heavy equipment. 

One of the more important accessories that 
provides a ^fety feature for the operator is the 
turn dpials* Turn sisals warn driven of other 
vehicles that a turn is about to be made and not 
to follow too closely, or to use caution when 
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approaching, This drcuit Is amply another 
lifting circuit that operates on an intennittent 
basis. 

Turn slpials are operated by a drcuit 
breaker commonly called a "flaiher," TOs 
flasher should emit a clicking noise when the 
directional control switch, located on the 
steering columnp is placed in the right- or 
left-turn position, 

Maintenanca of turn signals is wmially 
limited to replacement of a burnt out bulb or 
faulty flasher, The directional control switch 
may beeome defective after extended use and 
require replacement. Directional controls 
installed by the maiufacturer are located Inside 
the steering column. Access is gained by removal 
of the steering wheeL On military vehicles, the 
control switch is clamped to the steering 
column. 

Another safety item that works in 
conjunction with the tum signals is the 
**Emergency Flasher." 'Die Eme^ency Fladier 
causes all the tum mgnal lights to blink 
simultaneously informing any approaching 



vehicle that you are stopped* Tlie switch 
controlling the Emergency Flasher is usually a 
part of the tum-signal switch and operates from 
current supplied from a separate wire. This 
allows the Emergency Flasher to operate even 
though the turn indicators are faulty. 

Electric windsliield wipers operate from a 
circuit which contains a switch, motor and 
linkage connected to the wiper arms. Wipor 
motoi^ operate on one, two, or three speeds. 
TTie motor (fig. 7-43) has a worm gear on the 
armature shaft that drives one or two gean 
which, in tunij operate the linkage to the wiper 
arms. Tlie motor is a small, shunt wound, d-c 
motor. Resistors are placed in the control circuit 
from the switch to reduce the current and 
provide different operating speeds. 

Accessory motors are all basically the same, 
although si^e, location and method of drive 
found on the armature shaft may vary. These 
motors are normally replaced when they fail to 
operate. Usually, operating problems are not in 
the motor but in the control circuit from the 
switch. 
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CHAPTER 8 

AUTOMOTIVi POWER TRAINS 



In a vahicli, the mechmism thit transmits 
the power developed by the engine to the wheels 
and/or tragks and acc^soiy equipment is callid 
the POWER TRAIN. In a simple application, 
such as a station^ en^ne^powered hoist, a set 
of gears or a chain and spfocket could perfomi 
tUs task. However, automotive and constioiction 
vehicle m not designed for such ^ple 
operating ODnditions, They are deseed to 
provide pulling power* to move at high ipeeds, 
to travel in reverse as well as forw^d, and to 
operate on rough terrain as well as smooth 
roads. To meet these varying conditionSt vehicle 
power ti'ains are equipped Mdth a variety of 
components. 

Automobile and li^t torucks driven by the 
two rear wheels have a power train condsting of 



a clutch, transmisiionj propeller shaftj 
differentials and dri^ng axles (f^. 8-1). 

In all-wheel drive vehlcless additional 
components are needed to tranimit power to the 
front wheels* TTils Is done with the use of a 
transfer cases additional propeller shafts, 
differential units, and driWng axles. 

Power trains you will encounter may include 
all or a combination of the components 
mentioned above. Variations in design and 
application make it impossible to cover all types 
in this manual. WhUe most of the examples and 
flgures used in tiiis chapter involve automotive 
vehicles^ it is waU to remember that simile 
power train units are used in constmction and 
material/weight handling equipment, A 
propeller shaft or a clutch^ for example, may be 
constructed differently to confom to the 
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requirements of a particular item of equipment, 
but its purpose and principle of operation are 
the same. 

This chapter discussei the baiic types of 
automotive power train components you will 
enGOuntar as a Construction Mechanic. When 
performing maintenance or repairs in the field or 
shop on components you are unfamiliar with, 
consult the operation and maintenance manuali 
provided with the equipment* 



THE CLUTCH 



shown in figure 8-2* The DOUBLE DISK clutch 
(fig. 8-3) is substantially the lanie as the single 
disk clutch, except that another driven disk and 
an intermediate driving plate are added. Tills 
clutch is used in heavy-duty vehicles and 
construction equipment. The MULTIPLE DISK 
clutch (not shown) is used primarily as a steering 
clutch in tracklaying equipment/ TTie operating 
principles, component functionij and 
maintenance requirements are essentially the 
same for each of the three clutches mentioned, 
TOs being the case, the single disk clutch will be 
used to acquaint you witli the fundamentals of 
clutch operation. 



The clutch is the component In the power 
train that connects the engine crankshaft to, or 
disconnects It from, the operating control unit 
in stationary equipment, or the tranimission 
(and thus the remainder of the power train) In 
automotive, construction, and materials/ weight 
handHng equipment. 

With few exceptions^ the clutches common 
to SEABEE equipment are the single, double, 
and multiple disk types. The clutch you will 
encounter most often is the SINGLE DISK type 



DRIVEN PLATE 



CLUTCH OPERATION 

The iingle disk clutch (fig. 8-2) is used 
primarily In the power trains of passenger cars 
and light trucks. The major components of the 
single disk clutch are the driving members 
(flywheel and pressure plate), the driven 
member (disk), and the release mechanism. 

The pressure plate assembly shown in figure 
8^ is secured to the engine flywheeh In 
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Figure 8^2*^Single disk clutch, 
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operation the pressure plate is p^adually brought 
in or out of contaGt with the disk by mians of 
the release mechanism. When the clutch is fully 
engaged (fig. 8-5), the driven disk, which is 
splined to the cluteh shaft and faced on both 
sides with friction material, is flnnly clanipid 
between the driving members by spring pressure . 
In this position, the driven disk rotates the 



clutch shaft and transfer the engine power to 
the transmission and thus the remainder of the 
power train. When the clutch pedal is depressed 
(fig. 8-5)3 linkage causes the release levers to 
ovarcome the spring tension and retract the 
pressure plate into the pressure plate assembly 
cover. In this position ^ the driven disk centers 
itself on the spUneSj between the driving 
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mtmbarsj and no powir is traniferred to the 
ramaindar of the power train. 

Th© filaasa mechanism common to most 
angle disk clutches consists of a rileasa btaring 
and sleevi, and a release yoke similar to the one 
iUustrattd in figure 8-2. The release sleeve slides 
on the transmission front mainshaft bearing 
retainer as the clutch pedal is depressed. 'Die 
yoke moves the sleeve forward and the release 
btaring contacts the release levers of the 
pressure plate assembly. Further motion causes 
the pressure springs to compress, refracting the 
pre^ure plate and releasing the disk. 

In most clutehWj mechmical linkage (fig. 
8-6) between the clutch release yoke lever and 
clutch pedal provides the operator with a means 
to actuate the clutch. On many late model 
vehicles, and on some of the la^er units which 
require great pressure to release the clutch, a 
hydraulic release system (fig. 8-7) is used. A 
master cylinder dmilar to tiie brake master 
cylinder is attached to the clutch pedal. A 
cylinder, similar to a single-acting brake wheel 
cylinder, is connected to the master cylinder by 
nexible pressure hose or metal tubing. The slave 
cylinder is connected to the clutch release yoke 
lever. Movement of the clutch pedal actuates the 
clutch master cylinder. This movement is 
ttransfen-ed by hydmuUc pressure to the slave 
^llnderj which in turn actuates the clutch 
release yoke lever. 

A spring is used to keep the release beting 
and levers separated when the clutch is engaged. 



TTiis prevents the bearing from constantly 
spinning, while the engine is running, and 
v^eaiing out the release levers and /or causing 
rapid bearing failure. Modern clutch linkages 
provide a method of connecting the release 
sleeve and yoke so that the bearing is retracted 
by the clutch pedal return spring acting on the 
clutch linkage. With this arrangement, the 
bearing contacts the release levers only when the 
clutch pedal is partially depressed* Resting a 
foot on the clutch pedal while driving or 
improper adjustment can cause rapid failure of 
the bearing. 

CLUTCH PEDAL 
^JUSTMENT 

Clutch pedal adjustments are made to 
compensate for wear of the clutch facings and 
linkage between the clutch pedal and the clutch 
release lever. Most light- and medium-duty 
clutch linkages pro^de for adjustment to change 
the length of tiie release rod illustrated in figure 
8-6. 

As wear of the clutch disk occurs, the clutch 
pedal free travel becomes less. If allowed to wear 
excessively before adjusting, you may find that 
the release bearing is constantly in contact with 
the release levers and the bearing will fall earlier 
than normal. 

Depending on the arrangement of the 
linkage, the length of the release rod is either 
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shortened or kngthenad compensate for 
normal clutch wear. The hydrauUcally operated 
dutch illustrated in flgure 8-7 is adjusted by 
changing the lengtth of the slave blinder push 
rod. Whan making a clutch adjustment^ refer to 
the manufaQturer"s service manual for the 
correct method of adjustment and clearance. If 
no manuals are avaUalba, an adjustment that 
allows 1 1/2 Inches of clutch pedal free travel 
\vil! allow adequate clutch operation until the 
vehicle reaches the shop and manuals are 
available. 

Double and multiple disk clutches often 
have a screw type of internal adjustment ring to 
compensate for wear. The adjustment ring ii an 
intepai part of the clutch assembly, and is used 
only when Initially installing the clutch, or when 
the external adjustment— If so equipped— will 
not provide the rorrect clutch lintoge free 
tfaveL 



CLUTCH TROUBLESHOOTING 

The information given in this section is 
general and can be applied to nearly every type 
of clutch that you are likely to encounter. You 
will probably have special problems for which 
the solution can be found only by referring to 
the manufacturer's manuaL 

Several types of clutch trouble may be 
encountered. Usually the trouble is fairly 
obviouSp When the malfunction is explained on 
the Operator*! Trouble Report, a quick personal 
check of tile vehicle will generally enable you to 
correctly diagnose the trouble. It is your 
responsibility to see that the job is properly 
performed with a minimum of work. Clutch 
trouble genemlly falls into one of six categories: 

1 * Slipping 

2* Chattering or grabbing when engaging 
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3. Spinning or dm^ing when disenga^ng 

4 Clutch nois^ 

5. Clutch pedal pulsations 

6. Rapid diik faang wear 

Slipping 

Slipping occurs when the driven disk faHs to 
rotate at the same spaed as thi driving mimbeii 
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whin the clutch is fully engaged. This condition 
results whenever the clutch pressure plate fails 
to hold the disk tight against the face of the 
flywheeL If clutch slippage is savires the engine 
speed will rise rapidly, on accalerationt while the 
vehicle gradually increases in speed. Slight but 
continuous slippage may go unnoticed until the 
clutch facings are mned by excessive 
temperature caused by friction, r 
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In many cases^ clutch slippage is dui to less 
than zero cliarance between the clutch release 
levers and the releaie bearing. This results in 
slipping and early bearing failure, Normal wear 
of the facings causes the free travel of the clutch 
linkage to decrease, creating the need for an 
adjuitment. Some clutch linkages are designed 
to allow only enough adjustnient to compensate 
for the lining to wear cloie to the rivet heads. 
This prevents damage to the flywheel and 
pressure plate by the rivets wearing grooves in 
their smooth surfaces. Whm you are unable to 
obtain the correct free travel on clutches with 
this type of linkage, you must remove the clutch 
and install a new disk. Other linkages will allow 
for adjustment after the disk is worn out, When 
in doubt whether the disk is worn excessivelj/, 
remove the inspection cover and measure the 
thickness of the clutch disk- If the disk is worn 
beyond the manufacturer's recommendations, a 
new disk must be installed. 

Binding linkage or release levers may prevent 
the pressure plate from exerting its full pressure 
against the disks allowing it to slip. Should the 
release sleeve stick on the extended portion of 
the transmission front bearing retainers or the 
hub of the clutch disk stick on the splines of the 
clutch shaft, full engagement may not occur. 
These problems result in slippage. 

Grease and oil on the disk will also cause 
slippage. When this ooeurs^ the only sure remedy 
is to replace the clutch disk and thorou^ly 
clean the clutch components before rea^embly. 
The source of the lubricant leakage must also be 
stopped to prevent future occurrences. 

Internal clutch problems such as weak 
springs and bent or Improperly adjusted release 
levers will prevent the pressure plate from 
applying even pressure to the disk and allow it 
to slip only when heavy loads are applied to the 
clutch. Again, removal of the clutch Is necessary 
to accomplish repairs. 

Chattering or Gi^bbing 
When Engagrt 

TTiere are several things that will cause a 
clutch to chatter or grab when it is being 



engaged. Loose spring shackles or U-bolts, loose 
transmission mounting, and worn engine mounts 
are among the items that must be checked. If 
the clutch linkage binds, it may release suddenly 
to throw the clutch into quick engagementj with 
a resulting heavy Jerk. If all these items are 
checked and found to be in good condition, the 
trouble is inside the clutch itself. The clutch wiU 
have to be removed from the vehicle for repairs. 

The trouble inside the clutch could be due 
to oil or grease on the disk facings or to glazed 
or loose facings. Binding of the friction disk hub 
on the clutch shaft could prevent smooth 
engagement; this condition will require cleaning 
up of the splines in the disk hub and on the 
clutch shaft. Broken parts In the clutch, such as 
broken disk facings, broken cushion springs in 
the disk, or a broken pressure plate, could cause 
poor clutch action or grabbing. 



Spinning or Dm^ing 
When Disengaged 

The clutch friction disk may spin briefly 
after the clutch is disengaged. In other words^ it 
takes a moment for the friction disk to come to 
rest. This normal spinning should not be 
confused with a dragging clutch. When the 
clutch drags, the friction disk continues to 
rotate with and to rub against the flywheel or 
pre^ure plate. 

When this condition exists, the first thing to 
check is the pedaMinkage adjustment. If there is 
excessive free travel of the clutch pedal even full 
movement of the pedal will fall to force the 
release bearing in far enough against the release 
levers to release the clutch fully. If adjustment 
of the linkage does not correct the trouble, the 
problem Is in the clutch, which must be removed 
for repair. You will generally find a warped disk 
or pressure plate, or the facing on the disk may 
be loose. On the type of pressure plate assembly 
with adjustable release levers, improper 
adjustment of the levers could prevent full 
disengagement so that the dutch would drag. A 
friction disk hub that is binding on the clutch 
shaft can also cause the clutch to drag. 
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Clutch Nokm 

Wlian an operator reports that a clutch is 
maWng noises find out whether the noise is 
hdBid when the clutch is engaged or when it is 
disengaged, Clutch noises are uiually most 
noti^able when flia anpne is idling and the 
clutch disengaged. 

A disk hub that is loose on the clutch shaft 
will make a noise when the clutch is engaged. 
This would require replacement of the disk or 
clutch shaft or perhaps boto, if both are worn 
excessively. Friction disk dampener springs that 
are weak or worn will also cause clutch noises. If 
the engine and transmission are not properly 
alined the disk hub will move back and forth on 
the clutch shaft. This will cause ttie splines of 
the disk hub and clutch shaft to wear; ttius a 
noisy clutch will soon appear. Any time 
excessive wear is found on the splines of the diik 
hub and/or the clutch shafts always check the 
transmission and engine alinement. 

If clutch noises are noti^able when ttie 
clutch is disengaged, the trouble wUl likely be in 
the clutch release bearing. TTie bearing is 
probably either worn^ binding, or has lost its 
lubricant. Most clutch release bearings are 
factor lubricated; however^ on some of tiie 
larger truQks and on cons^ction equipment the 
clutch release bearing does require lubrication. 
As a rules when the release bearing starts maldng 
a noise, it must be replaced. If die release levers 
on the pressure plate assembly are not properly 
adjusted they could rub against the disk hub 
when the clutch is disengaged. If the pilot 
bearing m the cmnkshaft is worn or lacks 
lubricant, it will sometime produce a 
hi^-pitched whine when the to*ansmission is in 
gear, the clutch is disengaged, and the vehicle is 
standing still. Under these conditions, the clutch 
shafts wluch is piloted in the be^ng in the 
crankshaft, is statJonuy^ but the cmnl^haft and 
bearing are turning. 

OutdiP^al 
PulMtion 

A series of slight rnovements Uiat can be felt 
on the clutch pedal or operating lever when the 



clutch is being disengaged is called clutch^pedal 
pulsation. TTiese pulsations are noticeable when 
a ilight pressure is applied to tiie clutch pedaL 
This is an indication of trouble that could result 
in serious damage if not coirected immediately. 
There are several conditions that can cause these 
pulsations. One possible cause is misalinement of 
the engine and transmission. 

If the engine and transmisiion are not in 
Unej detach the transmission and remove the 
clutch assembly. Check the clutch .'housing 
alinement with the engine and crankshaft* At 
the same time, the flywheel can be checked for 
wobble dnce a bent crankshaft flange,* or a 
flywheel that is not seated on the crankshaft 
flange, will produce clutch pedal pulsations. If 
the flywheel does not seat on the crankshaft 
flange, remove the flywheel. After cleaning tiie 
flange and the flywheel, replace the flywheel, 
maUng sure a positive seat is obtained between 
the flywheel and crankshaft flange. If the flange 
is bent at the crankshaft, the crankshaft must be 
replaced. 

Other causes of clutch pedal pulsations 
Include uneven release-lever adjustments^ waiped 
pressure plate^ or warped clutch disk. If either 
the pressure plate or clutch disk is w^ed, it 
should be replaced. 

Rapid Disk 
Facing W^r 

Rapid disk facing wear will be caused by any 
condition that permits slippage between^ the 
clutdi disk facings and the flywheel or pressure 
plate. An operator may have the habit of 
"riding" the clutch; this practice can cause 
slippage. Frequent use of the clutch or slow 
rele^lng of the clutch after disengaging will 
inc^ase clutch facing wear. The remedy here is 
to use the clutch properly and only^^when 
nece^ay. Broken or weak pressure springs 
within the plate a^embly will cause sUppa^e^ 
The springs must be replaced to correct this 
problem. Improper clutch linkage adjustaient or 
binding of the linkage may prevent full spring 
pressure from being applied to the clutch disk. 
Any condition that keeps less than fuU spring 
pre^ure from being applied to the clutch disk is 
apt to cause slipping, ' 
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CLUTeH LUBRICATION 

Some clutches require lubrication at regular 
intervals. Check with ttie manufacturer's manual 
for iriito"Uctions on the lubrication of the clutch 
release :baaring, Overlubrication will cause the 
lubriQant to get on the disk and cause slippage. 
The clutch pedal control shaft and linkages, 
however^ usually equipped wltti high 

prassiire fittings. These fittings should be greased 
>yith ^^'chassis lubricant at each scheduled 
inmnianance period to prevent binding or frozen 
linkage; 

CtUTCH OVERHAUL 

When adjustment or repair of to linkage 
fails '{d' remedy problems with the clutch, the 
clutch^i^ust be removed for inspection. Any 
faulty mparts should be discarded and replaced 
wtK new or rebuilt components. Machining of 
the fljK^ or pressure plate to provide new 
contact surfaces is not recommended, This can 
be dangerous, as the flywheal or plate could 
exploda at high rpm and cause damage to the 
vehicle as well as injury to any occupants inside 
the vehicle. If replacement parts are not readily 
available, a decision to use the old components 
should be based on the mwufacturer's 
recommendations and the experience of your 
iupervlsor, 

To remove the clutch^ first remove the 
driveahaft and transmission using a transmission 
Jackf Orv a suitable substitute. Disconnect the 
clutch, linkage and remove tiie release fork and 
releate bearing. On some vehicles, the clutch 
linkage , must be disconnected prior to removing 
the. transmission. On othersp it may be necessary 
to remove the clutch housing before the 
components can be removed from the flywheeL 
Aqcpss/f to U^frduty clutches is nomally 
provided tlvough an inspection cover under the 
clutch! and flywheeL With this desi^^ the 
transmission is only moved far enou^ to the 
rear ta withdraw the clutch shrft and allow 
removal of the release bearing md sleeve* 

Before removing the pressure plate assembly 
from, the flywheel, mtf'k the cover and fly wheel 
to insure proper b^M(^ if the old components 



are to be used* Nexti if deign allowSp instoU 
retaining cap screws (see fig. 84) to reUeva 
spring teiision before removing the bolts that 
secure the pressure plate to the flywheeL Tliasa 
should be loosened one or two turns at a time 
worldng your way around the clutch cover to 
prevent distortion of the cover. \Wian these bolts 
are taken outs the pressure plate and disk ran be 
removed for inspection. 

After cleaning the components of the clutch 
and flywheels check the pressure plate cover 
visually. A straightedge or flat surface should be 
used to determine if the cover is distorted or 
waiTped. Its mounting holes should be in good 
condition and not show any outof-roundness. 
The pressure plate should be free of cracks j 
scores, or any noticeable p"00ves In the wearing 
surface. TTie release levers should show very 
limited or no signs of wear from contact with 
the release bearing. In generals it is a good idea 
to replace the pressure plate assariibly if any 
warpaga or excessive wear is noted on any of the 
parts. 

The flywheel should be inspectad in the 
same marmer as the pressure plate. If it shows 
signs of unusual wear, such as scoring or cracks^ 
check witii your supervisor to detennina if it 
needs replacement. Using a scored or axce^ivaly 
cracked flywheel or pressure plate will shorten 
the life of a new disk and cause rework at an 
early date. While inspecting the flywheel, check 
the pilot bearing in the end of the crankshaft. 
Bushing type bearings should not show any signs 
of wear. BaU or roller type bearings should turn 
freely and show no sipis of rou^ movement* It 
is usually a good idea to replace the pilot bearing 
when overhauling the clutch. 

Inspect the disk for lining thickness^ loose 
rivetSs and worn or loose tordon springs. Check 
the splines in the hub for a **like new" 
condition. The clutch shaft spUnei should be 
inipected at this time by pladng the disk on the 
clutch shaft and sliding it over the splines. If the 
disk is unusually tight or shows signs of binding 
on tiia spUneSs the splines must be cleanad wi^ 
a flle to remove any bur^. Any signs of unusud 
wear will require replacement of the clutch shaft 
or disk assembly. If a new disk is u^d, be sura 
that it moves on the shaft freely. If you replace 
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the old lining on the disk, folJow the 
manufacturer's recommended proceduri. 
Rebuilding of the clutch components is seldom 
done in the maintenanca shop or fields 

If, during removals oil or grease Is found on 
the disk, tile source of Ae lubricant must be 
found and coirective measuras taken to prevent 
its reentry into the clutch housing. 

One important thing that must be done prior 
to reassembly of the clutch ii to determine if the 
pressure plate has provisions for adjustment. If 
in doubtj check with your supervisor or consult 
the manufacturer's manual. If adjustment is 
provided on the type you are installing, check 
the adjustments for the connect setting. ITiese 
adjustments, often overlooked^ allow for 
adequate pressure plate travel and proper 
clearance between the release levers and disk 
when the clutch is operated, The flnt 
adjustment insures proper movement of the 
pressure plate in relation to the cover. With the 
use i of a special fixture or a striaghtedge and 
. scale as shown in figure 8-8, bepn by turning the 
adjusting capscrews until you obtain the proper 
clearance between the plate and straightedge as 
shown* 

The second adjustment positions the release 
levers and allows the release bearing to contact 
the levers simultaneously while maintaining 
adequate clearance of the release levers and disk 
or pressure plate cover. There are two methods 
used for this adjustment. One is with adjusting 
scriws located in the ends of the release levers. 
The other method is to place the pressure plate 
assembly on a flat surface^ and^ measuring the 
height of the levers as shown in figure 8-9 ^ adjust 
by loosening the locknut and turning the 
adjusting screw to change the lever height. After 
adjusting) make sure the locknuts are staked 
wth a punch to keep them from coming loose 
during operation. 

The clutch relea^ bearing and sleeve is 
usually of the sealed type and factory packed 
(lubricated). Some heavy-duty veWcles have a 
tteowout bearing which can be lubricated from 
an outside source. Here, the only problem 
involved would be either overlubrication or no 
lubrication- The release bemng deeve or earner 
requires little or no maintenancis ^though it 
should be checked for wear at the luged or 
eollw end where the fork or yoke comes in 
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Figure 3=8.— Fre^ure ptati adjuitment/ 



contact with the sleeve. If the bearing or carrier 
is found to be defective, it should be replaced. 

Reassembly should be done making sure that 
the old pressure plate assembly^ if used, is 
reinstalled in the same position by using ttie 
aUnement marks made before disassemBlyrAn 
old clutch shaft or alinement tool should be 
used to center the clutch disk before tightening 
the bolts that hold the pressure plate assembly 
to the flywheeL This wU make it much easier to 
instoll the transmission, After completing the 
reaswmblyj adjust the linkage by followirtg the 
manufacturer's recommended procedures and 
spedflcationi. 



ADJUSTING SCREW 
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TRANSMISSION 

Tha ta-insmlsslon is located between the 
cluteh housing and the propeller shafts as shown 
in flgure 8^1. Hhe ^ansmiision tranife^ engine 
power from the clutch shaft to the propeller 
shaft, and allows the operator to confrol the 
pow^( and spaed of the vehicle by selecting 
vmous gear ratios. 

Gears and their machwlcal advantages are 
diseased in Basic Machines, NAVPERS 
10624-A. TTie manual also explains how to 
impute the speed and reduction ratio of geais 
in a typical automotive ; transmission. The 
inforh^ation provided in Basic Machines will also 
help you understand the opeiatmg principles of 
the constant mesh, synchromesh, and auxiliary 
transmissions discussed in the followig 
paragraphs as well as other power transfer 
mechamsins desoribed in this chapter. 

cor^STi^T mm 

m4NSMISSI0N 

To eliminate the usual fransmission noise 
developed by the spur^tooth gears used in the 
sliding gear transnilssion (flg. 8-^ 10), automotive 
manufacturers developed the constant^mesh 
transmission which ^ntains helical gears (flg. 
8-11); " 

In tWs type of transmission , certain 
countershaft ge^s are constantly in mesh with 
the main shaft gea^s. Tlie main shaft meshing 
gears fte arranged so that tiiey cannot move 
endwise.' They are supported by roller be^ings 
so that they can rotate independently of the 
mainshaft (fig. 8-12), 

In operation, when the shift lever is moved 
to THIRD, the THIRD and FOURTH shifter 
fork moves the clutch ge^ (A, flg, 8-12) toward 
the THIRD speed gear (D, fig. 8-12), This 
engages the extarnd teeth of the clutch gear 
with the internal teetti of the raiRD speed gear. 
Since the THIRD spe^ gear is meshed and 
rotating witti' the Qountershaft gears ttie clutch 
gear must also rotate. The clutch gear is splined 



to the main shaft, and therefore, tiie main shsf^ 
rotates with the clutch gear. This principle Is 
carried out when the shift lever moves from on^ 
speed to the next* 

Constant-mesh ge^s are seldom used for aU 
speeds* Common practice is to use such gears for 
the higher gears, with sUding gears for FIRST 
and REVERSE speeds, or for REVERSE only* 



SYNCHROMESH 
TR^^ISSION 



The three-speed syneltfomesh transmisMon 
(flg. 8^1 3) represents a design improvement to 
the constant-mesh type transmission in that it 
permits second and ^rd speeds to be selected 
without clashing, by synchronizing the speeds of 
mating parts before tiiey engage. First speed in 
this transmission is engaged by an ordinary dog 
clutch and reverse is engaged by a sliding gear. 
Second and third speeds ve synchronized. 

The synchromesh clutch (fig. 8-14)s 
commonly referred to as a synchroniief, 
employs a combination cone clutch and a dog or 
gear clutch (sliding sleeve) to engage either th^ 
mainshaft or the input ^aft, depending upon 
the gear selection. The cone clutch engages flrsti 
causing the mainshaft spaed gear and mainshaft 
to rotate at the same speed, after which th^ 
sliding sleeve engages easily without clashing^ 
TMs proce^ is accomplished in one continuous 
operation when the operator releases the clutch 
and moves the shift confrol lever from one gear 
position to another^ The consbuction of 
synchromesh transmi^ons vmes with different 
manufaQturers, but Ae prindple of operation is 
the same, T^e sliding gear, which is splined to 
the toansnuidon mdnrfiaft with bronie internal 
cones on each side, b surrounded by a sUding 
sleeve. TTie sliding deeve has internal teeth 
which mesh vn^ the external teeth of the 
sliding g^ar, when actuated by the shift fork 
mounted in the external groove, Si^ 
spring-loaded baUs mounted in the sliding gear 
fit in tiia internal groove of the sliding sleeve 
when the clutch is disengaged. This arrangement 
prevents the sliding sleeve from mo\dng in 
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Figure S-IO.-^FouMpnd illding gtar tranimlsslon^ 



relation to the sliding giar until the latter has 
Filched the end of its trivel. The second ipeed 
gear and input shaft gear have external cones 
and teeth machined on their sides to engage the 
inteniai cones of the sliding gear and the internal 
teeth of the sliding sleeve. 

When the fransmi^ion control lever is 
moved by the operator to the third speed or 
direct drive position* the shift fork moves ttie 
simchronizir unit forw^d until the internal 
cone on the sli^ng gear engages the external 
cone on the input shaft gear. TUs action brings 
the two pars to the same speed and stops 
forward toavel of tiie sUiUng gear. The sliding 
daeve then sUdes ov^ the balls and mlently 
engages the external teeth on the input shaft 
gear« When this occurs^ the transmissioa input 
shaft gear and ^ansmi^ion mdnshaft are locked 
together m shown in figure 8-14, When the 
transmi^ion rontool lever is shifted to the 
second speed position, the synchronizer moves 
rearward and the same events take place by 



locking the second speed gear 
t'ansmission malnshaft* 



to the 



When shifting any manual transmission, 
proper use of the clutch is important. Rapid 
dutch engagement causes excessive Sfrain on the 
power train. Additionally ^ raleasing the clutch 
before the shift is completed will almost surely 
cause clashing of the gears. Shifting quickly after 
the clutch is released can cause the gears to 
clash. This is especially true when shifting into 
flnt or reverse gear and can happen when 
shifting to other speeds that w synchronized. 

Figure 8-15 illusfrates the gear arrangement 
and power flow through a five^peed 
synchronised transmission used in 5-ton 6x6 
military trucks. The arrows indicate power flow 
and movement of the synchronizers during each 
speed selection* TTiis fransmission has five 
forward speeds and is synchroniEed in the upper 
four speed ranges. First and reverse are selected 
by use of a sliding spur gear that engages the 
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Figure &1 view of a §3nMnt-ffiiih trantmisilon ammbly. 
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Figure S^I^^Synchromash olutoh, diiengagid and engaged. 



smallest countershaft gear or the reverse idler 
raspectivoly. By studying the illustration, you 
will notice that the countershaft gears used are 
progressively larger as speed selection progresses 
until Uirect drive, or fifth speed is engaged. At 
that time power flow is from the input shaft 
gear directly to the mainshaft. 

Some transmissions are controlled by a 
steering column oontrql lever (fig, 8-16), The 
positions for the various speeds are the same as 
those for the vertical control lever except that 
the lever is horizontal. This application is 
normally confined to three-speed transmissions, 
TTie slufter forks are pivoted on bellcranks 
which are turned by a steering column control 
lever through the Unkage shown. The poppets 
shown in figure 8-13 engage notches at the inner 
end of each bellcrank. Other types of 
synchromesh transmissions controlled by 



steering column levers have shifter shafts and 
forks moved by a linkage similar to those used 
with a vertical control lever. 



AUXILIARY 
TRANSMISSIONS 

The auxiliary transmission (flg, 8-17) is used 
to provide additional gear ratios in the power 
toain. This transmission is installed behind the 
main transmission and power flows directly to it 
from the main transmission, when of the integral 
type, or by a short propeller shaft Gack shaft) 
and universal joints^ Support and alinement are 
pro^dded by a frame crossmember. Rubber 
mounting brackets are used to Isolate vibration 
and noise from the chassis. Shifting is 
accomplished by a lever which extends into the 
operator's compartment. Like the main 
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Fj^re S31«-Repiac@ worn tires, 



be Used during intlation. Rims and lockrings 
sh(7uld be inspected periodically/ for damage, A 
damaged rim or lockrlng should be replaced 
imrriediately as this will create a safety hazard 
and may ruin a tire, A displaced lockring may 
sprfjig loDse and result in serious injury or death 
to personnel who may be in the 'vicinity. 

Td recap a tire a certain amount of rubber is 
jiegessary for the new tread to bond to when it 
is rnoulded onto the old carcass. Failure to 
provide suitable (read will cause the carcass to 
b§ rejected as uri fit for recappins. 

Fi^re 9-31 illustrates one method of 
det^miinlng tread wear limits. This tire should 
be replaced when the center of the tire shows no 
sigii of tread. A tire with comniercially designed 
tread should be replaced when less than 1/16" 
cf ttead is remaining. If recapping facilities are 
not utilised, allowable wear before replacement 
should be based on safety and serviceability, 

-WHEEL BAL^CING 

To obtairi maKimum tire mileage and a 
coimfortable ride, wheels should be baianced to 
offset the effects of both static and dynajriic 
xanbalmce. Often a tire will appear to be round 
and tru€ wheii rotated slowly, yet ^ve trouble 
on the road (shimmy or vibrate) ^vhe^ turned 



fast enough to develop a measurable arnount of 
centrirugal force. Tliis unbalance can be caused 
by the tire, wheel, brake dnim or hub. Or^ it 
may occur in any combination of the four, 

When an unbalanced wheel revolvess 
centrifugal force acts on the heaviest portion 
and tends to lift the wheel off the roadj then 
slajn it down during each revolution. TWi results 
in flat spots on the tire tread and rapid wear on 
the steering and suspension. If the unbalance lies 
in tiie plane of wheel rotation, it is known as 
static unbalance. If It lies on either or both sides 
of the tire centerline, it is known as dynamic 
unbalance. Either condition will cause the 
wheels to bounce. Dynamic unbalance in the 
front wheels will cause them to wobble as well. 
Rear wheels should be kept in balance to avoid a 
bouncing action. Front wheels should be 
balanced to prevent vibration that will affect 
steering and cause rapid wear. 

Special equipment Is used to detect the 
amount of unbalance. This equipment usually 
indicates the amount of wel^it needed and the 
place where it should be attached to the wheel. 
Figure 9-32 Illustrates the effects of a tire that is 
out of balance and the location for applying the 
weights to counteract the unbalanced condition. 

Two types of wheel balancing equipment are 
in use today. One type is designed to correct 
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Fi^re 9^33»^Sti§rlng nriichinisnrii 

static unbalance while the other type li used to 
correct both static and dynamic unbalance. TTie 
balwcing equipment most often encountered is 
the *'bubble machine". It is widespread because 
of the low cost and the ease of use. This 
balancer is excellent when correcting for static 
unbalance only. Hia "spin balancer" is preferred 
t)ecau§e it simulate both static and dynamic 
conditions that are encountered with the tire 
and wheel on the car. 



STEERING MECHANISMS 
AND WHEEL ALINEMENT 



steering (fig. 9-34) adds a hydraulic pump, fluid 
resers/oir, hosei» lines and a steering asiiit unit 
eitheT mounted on the linkage or incorporated 
with the steering gear assembly, 

Tlie steering wheel and shaft enables the 
operator to steer the vehicle by use of a gear 
arrangenient in the steering gear box. Tine type 
of steering gear used is dependent upon the 
weight of the vehicle and whether or not the 
steering is power assisted. The type cornmonly 
used on automotive equipment assigned to the 
construction units are the WORM and ROLLER, 
TWIN CAM and LEVER and the HYDRAULIC 
(POWER) ASSISTED STEERING. 

WORM AND ROLLER 
STEERrNGGEAR 

The worm and roller steering gear is found 
on light-duty military trucks, This steering gear 
(fig. 9-35) works well on vehicles that have 
relatively light front ends. The roller is 
supported by ball or roller bearings witjiin the 
sector attached to the pitman arm shaft (cross 
shaft). These bearinp assist in reducing the 
friction between the worm and sector. As the 
worm turns, under control of the steering wheeh 
the roller turns with it and forces the sector and 
pitman arm shaft to rotate. 

Notice how the worm is made in an 
hourglass shape. This feature causes a variable 
steertng ratio. When the wheels are pointed 
straiglit ahead ^ the gear ratio is hi^ and more 
movement of the steering wheel is required to 
tuni the wheels. Howeverj as the wheels are 
cramped or turned to the sldej the ratio 
decreaies so that the turning action is much 
more rapid. TTiii design is helpful when 
maneuvering the vehicle in conflned areas. 



Automotive steering mechanisms can best be 
classined as either MANUAL or POWER. In 
both types, the arrangement and function of the 
linkage is similar, the main difference being that 
mwual steering requires much more effort from 
the operator to steer the vehicle. 

The components of the manual steering 
system are steering wheel and shaft, manual 
gearbox, linkage, and steering knuckli or wheel 
spindle assemblies (fig, 9-33). Tlie power 



CAM AND LEVER 
STEERING GEAR 

The cam and lever steering gear is used on 
the medium-duty miht^ trUGk. In this 
arrangement (fig. 9-36), the worm is referred to 
as the cam and the sector as the lever. TTii levir 
carries two studs that are mounted in bearinp 
and engage with the cam* As the steering wheel 
is turned s the studs move up and down bn the 
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cam and caus* the lever and pitman arm shaft to 
rotate. TTie lever mmm more rapidly as it nears 
either end of the cam. nUs is caused by the 
Inoeased angle of the lever in relation to the 
cam. Like the worm and roller, this desi|ii 
allowi for a variable steering ratio. 



HYDRAULICALLY ASSISTED 
STEEREVG 



In ths hydrauUcally assisted steering system, 
the mechanism whach transmits hydrauUc powif 
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Figure S-3&-^Worm^and- roller iteerlng gear. 



to the steerliig gaar consists of a hydraulic 
pumpi control valve, and power cylinder, The 
hydraulic power is applied to the cross-shaft 
through an extension of thfi lever, which 
contacts a sliding member connected to the 
piston of the power cylindar, The flow of oil to 
the cylinder is directed by the control valve. T\m 
steering gear with power cylinder and control 
valve is shown in ngure 9-37, The oil it^lf is 
supplied by an external pump driven by the 
engine, A reserv^oir must be provided as well as a 
relief valve which should be set for the desired 
operating pressure. 

Tlie action of this steering gear is both 
manual md hydraulic in effect. When the cam is 
turned to the left or right by the driver's effort 
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Figurt 9^3G,^-Cam^and-twin«liver rteering gigr, 
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Figure ^37.-"Phintpni vieiv of power itsaring gear. 



on the steering wheels the stud of the levar Is 
movid through the groove of the cam, thus 
rotating the levershaft and providing angular 
movemant of the steering arm. However, when 
the driver's effort at the steering wheel exceeds 
the preload of the cam centering sprimgs, the 
hydrauliG system conies into operation 
aiitomatically and Telieves the driver of exceiiive 
loads, In addition^ the hydraulic system resisti 
Wckbacks or shock, which mi^t otherwise 
cmse the driver to lose control of the vehicle. 

The control valve contains oil passages that 
dirfot the flow of oil under pressure to the 
appropriate end of the power cylinder when the 
spool is caused to move within the housing. The 
power cylinder in turn appliei power to the lever 
and shaft assenibly throu^ meGhanical linkage. 
The contrnl valve prwides Tor the return of oil 
from the discharge side of the power cylinder- 
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Th& spool is held in the center position by 
means of the cam cgrtering springs, ^esa 
springs are compressed to a predetermined load 
and installed as a self-conti£ned assembly at each 
end of the cam. TTie effect of the springs is to 
center the cam, and, in tunij the valve spooAj 
unless the steering force is great enou^ to 
overcome the spring loaij m which case the cam 
Is diiplaced a slight ainouiit, As the cam moves 
in either direction, the v^alve lever transmits 
motion to the spool valve, and allows oil under 
pressure to actuate the piston in the power 
cylinder. Full pressure is obtairied with a cam 
tmm\ of only a few thwsaiidths of an inch. 

Wien the effort at the steering wheel ii 
sufficiently reduced, the cam and spool valve 
retuin to the center position, 

If the steered wheels are subjected to road 
shock, the pitman arm, acting through the 
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Figure ft-SB,— Drag link aisemblV^eKplDded lew. 



Steering gear shift the cam and control valve. 
nUs will direct flufd to tlie piston causing a 
resistance to any movement due to ihock. Tlus 
blocking action of the gear prevents kickbacks at 
the steering whe^L 

When the control valve is in the center 
position, steering action is strictly mmual, TTiis 
enables the driver to obtain the feelirig of 
**road'bensa/' which permits the sense of touch 
to assist the sense of sight. Road=sens€ is fully 
appreciated by experienced drivers and is 
desirable for safety reasons, 

STEERING SYSTEM 
MAINTENANCE 

Maintenance of the steering system consists 
of regular inspection, lubrication, and an 
occaiionai adjustment to compensate for wear 
and maintain proper wheel alinement. When 
inspecting the steering mechanism, you may 
need someone to assist you by tuniing the 
steering wheel back and forth through the free 
play while you check the linkage and 
connections. TOs will allow you to more easily 
determine if the steering gear is secured rigidly 
to the frame and no excessive looieness of the 
linkage or gearbox is present. A slight amount of 
fre^e play may seem insipiincant^ but if allowed 
to reinain, the free play will quickly increaie and 
result in poor steering control. 



Depending on the steering arrangenient, a 
drag link or idler arm rod may be used in the 
linkage to connect the pitman arm and the 
remainder of the steering linkage. This portion 
of the linkage is usually constructed 10 that in 
order to remove it from the vehicle, one or both 
ends must be disassembled or loosened, Tlie 
adjusting plug (fig. 9-38) is used to remove any 
free play between the drag link and the 
connecting parts of the linkage when installed. 
Occasionally, adjustment of the plug is needed 
to compensate for wear of the ball and seats or 
weakening of the spring. 

The tie rod, or rods, are equipped with a ball 
type socket at each end to allow for movement 
of the connecting parts of the steering linkage. 
These sockets called TIE-ROD ENDS must be 
checked for wear or slack. T\w linkage should 
pivot at the ball socket without allowing free 
movement between the socket and ba!L A slight 
drag is considered the optimum condition of the 
ball joints. In addition to the nexible end 
connections, an adjustment is provided by the 
design of the linkage when performing wheel 
alinement. The tie-rod is normally connected 
directly to the steering knuckle or spindle arm 
and used to transmit the steering effort to the 
wheel via the knuckle or spindle. 

In addition to linkage maintenance, there are 
other items In power or hydraullcally assisted 
steering systems that must be inspected for 
condition and operability. If the pLPmp is belt 
driven, the rtrst Item to check is the condition of 
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the drive belt. Make sure that it is sufficiently 
tight to prevent slippage yet loose enough to 
pravent damage to the ihaft bearings, If in doubt 
as to the proper adjustment^ check the 
manufacturer's speciflcations In the operator's 
or maintenance manual The fluid level in the 
reservoir should be checked at each maintenance 
cycle and kept above the add or low mark. 
Inspect the hoses and connections for signs of 
leakage. If leaks are present, repaim should be 
made as soon as possible due to the small 
amount of fluid that can be lost from the system 
wthout damage resulting to the pump. When 
checking the linkage of a vehicle with power 
steering, make sure that the inspection is 
thorough. The power steering system will absorb 
much of the looieness or slack which would be 
readily apparent in manual stegring. Because of 
this, wear of the linkage will nomaUy progress 
to a dangerous point before the average operator 
becomes aware of any fault. Additionallyj the 
pressure of the steering pump may be checked 
to determine If it is the problem, should hard 
steering occur. To determine the pressure of the 
system, a suitable pressure gage and flttings will 
be needed, TOs check should be made by using 
the manufacturer's procedures and comparing 
the results to the specifications. If not within 
limitSj a faulty compoiient must be replaced. 
Pressure can be changed by altering spring 
tension in the relief valve. 

WHEEL AUNEMENT 

Steering control depends greatly upon the 
position of the wheels in relation to the rest of 
the vehicle and the surface over which It travels. 
Any changes from the specified letting of the 
wheels aflfect steering and the riding control of 
the vehicle, ^erefore, the proper WHEEL 
ALINEMENT is important for vehicle control. 

Steering ^omtbry 

STEERING GEOMETRY Is the term 
manufacturers use to desCTbe steering and front 
wheel alijienient. Steering pometry includes 
PIVOT INCLINATION. CASTER, CAMBER, 
T0E4N, AND TOE-OUT. The^ tenns refer to 
measurements in inches or anglei that determine 
front wheel aUnement, ^ese measurements may 



^ CAMBER 




31,260 

Figure 9-39. -Pivot inclination and eam. r. 



change as a result of driving over rough terrain, 
itriking stationary objects, accident damage, and 
nomial wear. 

PIVOT INCLINATION (sometimes called 
KINGPIN ANGLE) (fig. 9-39) is the number of 
degrees that the king pin is tilted toward the 
center of the vghicle from a vertical position. 
Pivot inclination keeps the wheel spindles 
pointed outward and in line with the axle, and 
helps to make staering easier. Pivot inclination is 
designed into the spindle assembly on vehicles 
with independtnt front suspension. 

CASTER is tlie number of degrees that the 
steering knuckle pivots or spindle assembly is 
tilted to the rear or to the front (fig. 9-40). 
Positive caster tends to keep the front wheels 
pointed straight ahead and will cause them to 
return to the straight ahead position if the 
steering wheel is released while the vehicle is in 
motion and the wheels are turned. 

As an example of how caster works, consider 
the front wheel of a bicycle. When the wheel is 
turned from the itrai^t ahead position the 
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Figure 9^40. =-A. Negative CiSter. Positive Caster 



front end is raised sli^tly. The weight of the 
bicycle forces the front end down and helps to 
straighten the wheel. This is the method used on 
the modem automobile. As front end sheet 
metal extended further and engines with 
accessories increased In weight, the amount of 
positive caster needed for easy steering lessened. 

The increaied weight on the front wheels 
and the change from solid front axles to 
independent suspension have reduced the need 
for caster. Some vehicies may be designed for 0" 
positive caster while the maximum with a solid 
axle is approximately 8^* 

Caster in commerdal vehicles with front leaf 
springs is adjusted by Inserting wedges or shims 
between the front axle and the ipring so that the 
steering knuckle pivots are tilted slightly 
backward from the vertical. Many vehicles with 
independent suspension have provisioni for this 
adjustment by the use of shims (fig. 9-41), while 
others are adjusted by the use of eccentrics or an 
adjustable strut (fig. 9-42). If the knuckle pivots 
(kingpins or balUoints) are tilted forward ^ the 
caster is said to be negative. The caster is said to 
be positive when the knuckle pivots are tilted 
backward. 

CAMBER (fig, 9-39) is the number of 
degrees that the wheels are tilted in or out at the 
top. Wheels liaving positive camber are closer 
together at the bottom than ttiey are at the top. 
Camber^ together with pivot inclination^ reduces 
sidethrust on the klng^n bearings Ln the steering 



knuckb and support, (ball joints and control 
arm bushings if independent suipension), thus 
permitting easier steering and less tire wear. 
Camber an^e, in today's vehicles, very seldom 
exceeds one degree and is obtained by tilting the 
wheel spindles slightly downward on the steering 
knucKles. Camber brings the wheels 
perpendicular to the surface of the road, 
permitting even tread wear across the tire. 
Excessive camber will cause wear on only one 
side of the tread and early tire failure.. Camber Is 
adjusted by shims or eccentrics much like caster. 

TOE-IN (fig, 943) is the fraction of an inch 
that the leading edge of the front wheels point 
in toward the center of the vehicle. When forced 
to follow a straight path by motion of the 
vehicle, cambered wheels tend to slip away from 
each other. But toe-in causes the wheels to travel 
toward each other and, therefore, balance the 
effect of camber. 

TOE=OUT during turns Is ttie difference in tlie 
turning radius of the outer wheel, with the inner 
wheel turned out at a 20^egree angle. Toe-out is 
necessary because of the different turning radius 
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Figure 9>41.--Whiel allniment adjuited by shims. 
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Figure 9^2,^VVheil alinement idjusted by €saentrlci or strut reds, 




-CiNTift UNI OF WHEELS- 
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SJ^RINO SIATS I AXLE J-SIAM 

FtONT 



TQf^lN 15 DISTANCt i>A 
MiASURlD IN FlUCTlONi ©F AN INCH 



Figure i-43.— To«Hn. 
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of the front wheeli and the necessity of 
preventing slipping of the front wheels when 
turning. Toe-out is a design feature of the 
steeriiig arm for wiiich there is no required 
adjustment. 

Steering and AJinement Troubles 

TTie driver can sense steering and alinement 
troubles. He can detect hard steering or play in 
the steering system. But he will call on you to 
find tJie trouble and to remedy it. 

Some steering wheel play is normal and 
provides for easier steering of the vehicle, 

A lot of play, more than 3 inches as 
measured at the outer rim of the steering wheel, 
means a freer movement of the steering v^heel 
with no motion at the wheels. Too much v^heel 
play is caused by improper adjustment or wear 
of the steering gear, steering linkage, steering 
knuckle plates, or loose wheel bearings. You can 
check for worn or loose linkage connections by 
jacking up each front wheel (fig, 9-44). Grasp 
the tire at the front and back and attempt to 
shake the tire rapidly in the direction that it 
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PUSHlNe rOOETHf R FUSHINS TQSETHlR 




moves when turning. While the vehicle is 
elevated^ check the steering knuckle parti and/or 
kingpinSj ball joints, and wheel bearings by 
placing a small iron bar under the wheel and 
shaking it up and down. 

Test the steering gear by watching the 
pitman arm while somMne tums the steering 
wheel ona vay and then the other. If 
considerable movement of the steering wheel is 
required to set the pitman arm in motion ^ the 
steering gear is either worn or out of adjustment. 

Hard steering may be caused by veiy tight 
adjustments, mechanical difficulties in the 
steering gear or linkages* not enough air in the 
tires, or impropef wheel alinement. 

Sometimas the driver may tell you that his 
vehicle "wandio.'' It may be that he tends to 



oversteer the vehicle. NeverthelesSj you should 
check the vehicle for low tire preisures, 
impropfer front wheel alinementj and tight or 
loose wheel and brake adjustments. '^Pulling*' of 
the vehicle when braking could be caused by 
gmbbing brakes. If it "Epulis'' whan driven j check 
for proper toe-in and toe-out, besides the other 
causes already mentioned. 

Steering shocki, which is the sharp and rapid 
movement of the steering wheel, may be the 
result of driving over a rough road or hitting 
objects on the road. Vhen the vehicle does not 
steer properly, you should check for sag^ng 
sprinp, defective shock absorbers, or looseness 
in the steering gear or Unkage. Uneven tire 
inflation also could be the cause* 
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If the power steering mechanism rails, the 
steering system will go back to straight 
mechanical operation. Consult the 
manufacturers manual for Initructions on 
repairing powir steering units, 

If your shop has floating turntables, use 
them to check steering errors, Run the vehicle 
up on the tables, then turn the front wheels with 
the steering wheeh Each floating table will tum 
with the wheel on it and register the angle of the 
tum. Whan the inner wheel tumi out 20 degrees, 
the outer wheel should tum about 1 8 degrees. 

Before checking front wheel allnement, be 
sure that the front tires are properly inflated^ 
and that steering knuckles and linkages, shock 
absorbers, and the wheel bearings are correctly 
adjusted. A number of devices may be used for 
testing toe-in. One of these, the WEE-GEE 
BOARD, consists of a metal plate fastened at 
one end and free to sideswing on the supporting 
balls, Tlie board measures the sideslip of the tire, 
When the vehicle is run over the board, watch 
the indicator as the board moves. If the 
indicator moves toward the renter of the 
vehicle, the wheels need more toe-in. On the 
other hand, if the indicator moves away from 
the center of the vehicle, the wheels have too 
much toe-in. The WEE-GEE board is not 
considered to be a very accurate device for 
measuring wheel alinement but may be used to 
indicate the need for alinement using more 
accurate measuring devices. 

Anothar device for measuring toe-in is the 
MEASURING POLE. ITiere is an adjustable 
pointer and a gage on one end, and the pole can 
be lengthened and shortened like a curtain rod. 

With the vehicle resting on a level floor and 
the wheels in a straight ahead position, push the 
vehicle forward a few feet to remove all play in 
the steeriiig assembly. Put pencil marks on the 
inside walls of the tires at axle hei^t from the 
floors and at both the front and rear of the tire* 

Place the pole between the two marks at the 
front pf the tire and set the pointer at zero. 
Thenj use the pole to measure the distance 
between the two rear marks. TTie difference in 
the distance between the two measurement 
should conform to the manufacturer's 
specifications. If not, chan^ng the length of the 
tie-rod will increase or decrease the toe-In. IF 
THE VEHICLE HAS TWO TIE-RODS, IT IS 



SOLID AXLE APPLICATION 




FITTING TIE ROD 

31264 

Figurf d>4&— Tia rod end shQWlng damp bolt and ad- 
Juiting threidi. 

NECESSARY TO ADJUST EACH TIE-ROD 
EQUALLY. 

Toe=in adjustment on vehicles with solid 
front axles, is quite simple. Loosen the clamps 
(fig. 9-45) at both ends of the tie rod, and with a 
pipe wrench or other suitable tooU tum the tie 
rod to either lengthen or shorten as desired until 
you obtain the proper adjustmeiit. Vehicles with 
independent suspension are equipped with two 
tie rods and both must be adjiisted at the same 
time to keep the steering wheel in the proper 
position when the wheels are pointed straiglit 
ahead (fig. 9-46). If after obtaining the correct 
toe-in adjustment, you find the steering wheel 
off center, you can center It by turning one 
adjusting sleeve in one direction while tunung 
the other an equal amount in the opposite 
direction. Adjusting toe-injs not a difficult task. 
Proper use of the alinenieiit equipment along 
with reference to a set of ipecifications provided 
by the vehicle or alliiement equipment 
manufacturer will be all you need. 

Caster and carribef adjustments require the 
use of special shop equipineiit that is not 
available in the average SEABEE maintenance 
shop. Other considerations are that the 
equipment is eKpensive and the only vehicle 
contained in the organic allowance that requires 
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WHEN TOe-'tN IS CORRECT 
TURN BOTH G0NNE6TING ROD 
SLEeVES UPWARD TO ADJUST 
IMKE POSITION 



WHEN TOEHN 
IS NOT CORRECT 
LENClTHiN LEFT ROD 
TO INCREASE TOi-IN 

SHORTEN LEFT ROD 
TO DECREASE TOI-IN 



TURN lOTH GONNECTINQ ROD 
SLEEVES DOWNWARD TO 
ADJUST SPOKE ^§ITION 




SHORTEN LEFT ROD 
TO DECREAiE TQEHN 

LINOTHEN RISHT ROD 
TO iNCREAii TOI-IN 



ADJUST BOTH RODS EOUAUY 
TO MAINTAIN NORMAL SPOKE POSITION 



TURN DOWNV/ARD TO 
INCREASE ROD LEN3TH 



TURN UPWARD 
TO DtOREASi 
ROD LINQTH 




LEFT-HAND SLEEVE 



TURN DOWNARD 
TO D EG R EASE 
. ROD LENGTH 



TURN UPWARD TO 
INCREASE ROD LENGTH 




RIGHT-HAND SLEEVE 
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Figure &46.-^TQaHn adjustniant on vehicles with indapendant luipenilDii, 



these adjustments is the jeep, wliich seldom 
needs front end alinement. 

Front suspensions that are adjusted by shims 
are shown in figure 9-41 require adding or 
removing an equal amount of shims at each 
location to change camben Caster is adjustid by 
varying the amount of shirns at one or both 
locations. Tliis method of adjustment is used on 
the ttiilitary jeep. Figure 9-42 illustrates 
adjustment by use of eccentrics or altering the 
length of strut rods. You may find sortie front 
suspandons that use a combination of these two 
methods of adjustment. Ajiy time you are to 
perform front end alinement, carefully follow 
the manufacturer's procedures. Slight eirors iji 
these adjustments will cause rapid tire wear aiid 
hard steering controL 



BODIES 

The automotive body provides protection 
for the engine, power train componeiits, 
operatorj and any cargo or passengers* At the 
same time, it adds strength to the frame and 
provides adequate viaon for the operator. Last, 



but not leastj the body design provides a 
pleasant outward appaarance. 

For militaiy designed vehicleSj appearance is 
seconda^. NAVFAC (who controls all Navy 
vehicles) states that transportation aquipment 
will be repainted when Inadequate prote.ction is 
afforded against rust or corrosion. Also that spot 
painting should ba used instead of complete 
pdnting unless necessary for protection of the 
entire vehicle. 

Part of your job as a Construction Mechanic 
is to perform body maintenance on the veluclas 
assi^ed to your command, In order t6T?erfonn 
this task, you must know some of the 
procedures used for straigliteniiig fenders and 
body panels. Preparation and painting of the 
vehicles another important task associated 
with this responsibility. 

Regardless of whether the vehicle is in need 
of extensive body work or has a dented fender, 
it is desirable to have a numlwr of special tools 
to use. 

One of the most important tools needed to 
repair heavily damaged finders is the rportable 
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81.576 

Figure 8-47,— Portable hydraulic Jack, 



.TIP BLADi 




81,577 81 .678 

Figure 9-4S.— Pushing body dent out. Figure 9-49.-'Spoons used In the body repair shop. 
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hydrsulic jack (port^powar) shown in figure 
9-47, This tool whan applied as shown in figure 
9-48 will force the damaged portion to return to 
near ori^nal sha^ and save many houi^ of 
labor. The porta-powar is ^ovldid with a 
numbar of adapters or accessories that aUow you 
-to use it in many types of body repair work. 



Figures 9-49 and 9-50 Ulustrate soma of the 
tools used in the body repair shop. Some words 
of caution with the use these tools are to make 
sure the surfaces of the spoons^ harameris and 
dollies you ^e going to use are free from 
scratchei and/or dents* Surface defects on the 
tools wiU cause li^ilar defects in the sheet metal 
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SHECT METAL 



DOLLY 
BLOCK. 




H4MIMeR 




DtNOlNfi & FLANGE WITH A 
LOW-CROWN GENERAL 
PURPOSE DOLLY 



DINGING A FLAT SURFACE 
WITH A TOE DOLLY 





DINGING A CONVEX SURFACE 
WITH A HI3H-CR0WN GENERAL 
PURPOSE DOLLV 



DINGING A CROWNED SURFACE 
WITH A HISN-CROWN 
MUSHROOM DOLLY 




DIN0IN6 BODY 
CORNER WITH 
A HEAVY-DUTY OENERAL 
PURPOSE DOLLY 



DINGING OFF SET WITH 
A HEEL DOLLY 



Figure 9=50.-Uslng dolly blocks to shapa body panels, 



they are used on. To remove surface defects, usa 
a file and una grit sandpaper until you again 
have a smooth surface. 

With these tools, and axpirience gained by 
practidng on old discarded body partSj you will 
ba able to reniov© the dents and creaiei while 
lestoring the body to a like new condition. TTie 
easi and speed with which you oan itraighten 
the sheet metal Is dapendent on starting the 
repiir work at the rt^t point and coirict uie of 
the tools provided. If this is dones the amount of 
**din^n|" (U^i tapping of the metal with the 



harnmer) required to remove the dent Is raducid 
considerably. As metal is dinged and fomiedj a 
certain amount of stretching occurs. This will 
cause additionai work if excessive when nearing 
the coinpletion of the repair. Always remember, 
when straightening a damaged panels the damage 
ihould be removed In the reverse ordirof how it 
occured, 

REWOVWG DENTS 

Before attempting any body repiirsj scrape 
off any undercoating or foreign matter located 
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in the area to be repaired. Dirt or undercoating 
v^rill cake on the dolly block. Mo aniount of 
hammeiiiig ^111 produce a smooth surface \vhen 
this OCCUR* Next make sure the outer side is 
clean to protect the hamrner, 

Without prior body repairing experience, a 
raeclianlc wdll liHially start applying pressure at 
tbe spot where tlie panel was struck Itrst anijs 
dapre^ed the most, The CORRECT METHOD is 
to apjly pressure at the ridge farthest from the 
point of impact To make the procedure clear, 
rafer to the damaged paiiel in figure 9-51, 
AJsunii that the oripnal foriTi of the panel is 
sho^m as the dotted line. Point Y is where it was 
stjuck, and X is a ridge formed last. With the use 
of a spoori and hammer or mallet^ place the 
spoon on the ridge and strike it with the 
hammer. Aim yotJf hammer blcws directly at 
the ridga. By following the ridge with the spoon 
and hammer^ yovL will find that the ridge will 
gndiially disappear while the major portion of 
the depression at Y will spring back and very 
closely lesamble the ori^nal contour of the 
panel - 

TTie next step is to select a dolly block with 
a fac^ of the same genefal curvature as the paneh 
Place it under the panel at 0 and strike the dent 
m illtiitrated with the dolly. In this way, the 
dolly acts as a hammer and raises the dented 
pcrtion to the original contour as the dolly is 
gradiially nnoved toward point E. Tlie most 
common niistaie made by the bepnner at this 
peine is trying to do all the work with one blow 
of tha dolly. AJl that is necessa^ of the hammer 
or dolly is to pre^the metal bacic Into position, 
A. niATiiber of light blows with the hammer is 
b^tte* than a fe^ heavy ones. Heavy hammer 
blow^ result in the metal stretching excessively 
d^rins the straightening process. Tliis requires 
that the panel be shrunk later to remove bulges. 

WTien wrikiaj with the hammer, apply 
blow3 rapidly with a pulling action so the 
hammir tends to slide as it contacts the metal. 
A.bovr€ ail, don't try to rush the job by striking 
the rnital too heavily. Figures 9^52 and 9-53 
iUtistrate the procedures for removing dents 
y/hm perfonnimg tody work. Use of a flat-faced 
hkmmer should be confmed to the flat or nearly 
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flat surfaces and the outside of curved surfaces. 
Hammeis with crov/ned faces are for use on 
concave surfaces only, 

REPLACING SHEET METAL 

Generally, a ieveraly daniaged panel will be 
replaced or repaired by cutting out the damaged 
portion and replacing it with sheet metaL 
Should you receive instructions to repair a 
heavily daitiaged body panel, there are a few 
things that ihould be considered before starting 
the job.: 

Tlie first and most important consideration 
is to determine the direction of the force that 
caused the damage. This v/ill enable you to use 
the hydraulic jack and iti attachments to push 
the panels back into a near original position. At 
the iame time, the braces holding the sheet 
metal will move back to their ori^nal position 
and allow access to any bolts and fastening 
devices that must be removed to disassemble the 
damaged body parts. Once you have cached this 
point, it must be determined if the damaged 
panels wUl be replaced or repaired. 

Should you elect to replace the damaged 
panel, make sure any braces that support the 
panel are ordered also. New braces will help to 
aUne the new panels with the rest of the body. 
Should only a portion of the damaged area be 
replaced, a welding outfit (Rg. 9-54) will be 
needed to weld the new sheet metal into 
position. Complete instructions on the use and 
care of gas cutting and welding equipment are 
contained in the current edition of Steelworker., 
3d 2, NAVEDTRA 10653 series. Before 
attempting to replace body panels, consult this 
manual for the proper method of adjusting and 
using the cutting or welding tips. 

Once the section of the panel you iivant 
replaced is cut away and the remainmg portion 
straiglitened to the original contour, place a 
piece of the sheet metal over the area that is cut 
away, Mark the new sheet metal so that when 
you cut on the lines drawn, the piece will be 
slightly larger tiian the area being replaced. 
Clamps are needed to hold the new piece of 
sheet metal in position for welding. Use the 
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DAMAGING FORCE 




ORIGINAL DAMAGE 




RESULT; PANEL STRETCHED 



WHEN REPAIRS ARE STARTED 
CORREGTLY, THE DENTS 
DISAPPEAR QUICKLY 



STARTING THE REPAIR WORK AT 
THE WRONG PLACE WILL RESULTIN 
PROBLEMS LATER 



Figure d^Sl^^Flfidlfig the right skirting peint Is viry Imporwt when pirformlng body rapiirsp 



sami mathod to weld m new ction as in that 
used for repairing cracks (fig. 9-55)* ^ce the 
placa is waldgd, tfii wald ahould bi p"ound 
down with i disk sander, WhJle operating the 
sandif, usi care not to cut through the sheet 
metal wth the hiavy pit paper, A few passes 



with the stndir (fig. 9-56) will quickly shew up 
any high placei in the metal that must hp shrank 
or the low spots^ 

Fifure 9-57 Illustrates the procedu« for 
ihrinldni sheet metaL Only a small area at a 
time is heated and shrunk* TWs will cause a 
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SHARP €URVE§ WITH 




AT FIRST, USE HAimiR WITH 
DQLLV 



FL&TOR SLmHTLt CURVEB 
SHiETi||T4L m j 



lOTH HAMMlR aNDDOLPf WCJfiK 
TOGETHER 



DINGIN6 HAMMER 



SPOON 



INNER 
PANEL 



OUTER PANEL 
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Fj^r@ ^-BZ.'^AfWQw indicatai dirtction mitel must tncpvi Figure &53.-THa ipoon can be used as both a laVif and 



to reium to ori^nal contour 



dolly whin working in tight plieei* 



panal to retam to iti original contour when 
performed praperly. 

PREPARING THE SURFACE 
FORPAINTING 

Whether the iurface biing prepared for 
painting is just a small repair on a^ fender or the 
whole viWcle Is to be painteds the folio v^ing 
procadufes should be followed. It is essantial 
that you prepare the surface for the paint by 
removing M traces of wax, greasej oil and dirt. If 
the pamt on the vehicle is of poor- quality or 
seriously dataTioratedj it should be ttmovedv 
Diffitoht grits of sandpaper are available for 
your use in preparing the old lurfaoe. Goixerally, 
start mik the heavy grit (coane) and work to 
the lighter (fina)* This will speed up your work 
and provide a sniooth surface for the priiner 
coit. Once the sanding is completed, clem tha 
surface witli a cle^ng agent. If nona Is 
availabiei a Unt free cloth saturated with thinner 
cm be used to mpe down the surface. 'Hiis will 
help the new pMnt to adhere to the metal arid 
remove the dust md other foreign matter, 

PAmTWC 




Na^ vehicle are painted with enamel that 
must conform to specifications. Exceptions to 



127,368 

Figure 9-M.-0Kyaei^leng welding outfit. 
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FENDER wmM OH PATCH OVIRUP 




MfiLDS 



f TART W 
BREAK 



AraOXIMATEiy ) INCH AP4RT 




START 
%!fELDINi AT INNER 

PORTION OF 
BREAK OR OVERLAP 



WELDIMi ROD^ 




roHCH TIP 




SEMhOIRCULAR HOLE 



DON T 
CARRY WELO 
TO EDGE OF METAL 




WELD FLAME SY STARTING AT EDSE 
^ AWD tORK 4tONe SEftM 



CO^PLETE^ 
WfLO 



Figure 9^55.— FoUqw direction of irrowi whpn rgpaliing fender broikf mplacing ih©et metil. 



31.583 




LEFT TORIiHr ^ 



SUM 

Mguri d^iS^^ixerslse em wtilk itndlng with a dU k 
sander pment burning or autting hofei In the thin 
tfiMt mvty. 



this is usually found on vehicles that are painted 
by the rnMufacturer prior to delivtry to the 
govtmment. Colors you aji authorized to use 
wlim pajn^g vahicles mi equipment assigned 
to the Naval Conitruction Forca are: 



Red 

Yellow 

Green 

Black 

White 



Number 
ft 



11105 
13538 
14064 
17038 
17875 



Prior to the use of these paints, a coat of 
primer should be applied to pravent peeUng and 
flaking where the bare metal is exposed. TTie 
primer sewes as a bond letween the p^nt and 
the metal of the vehicle. Each coat ihat is 
applied must be lajided LIGHTLY if allowed to 
dry before applying the next coat. TTiare may be 
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STfiETCHED METAL 




A. METAL TO BE SHRUNK 



MALLET 




CRATER. 

C.HAMMERING THE HEATED SPOT DOWN 



TORCH TIP 




HEATED SPOT 



B. HEATINS 
SMALL SPOT RED HOT WITH TORCH 



SHRUNKEN 
SPOT 



WET SPONSi OR 
RAQ. 




D. FLATTENING THE CRATER 
HEATED SPOTS ^^'""^ 




SHOULD NOT 
EXCIID / 
ItOli / o 




O 
3 

O 

1 



O I 

4 I 



e. QUENCHING SHRINK AQE 



V6 5,/ 



F. HEATING SEQUENCI 



Pigurt IVletal ihriiiklng process #idi€quefi^ ui#d far lir^ aniis. 



occasion to use two coats of primer,; but 
nomiiJly, ona coit Is adaquate. 

jPdnt and primef mi^t be shaken or stiirf d 
thoroughly^ thinnad with a thinninB apnt, and 
mn throu^ a stminir or filter if a spr^y gun is 
usid. Figure 9-^5$ illustrates the mithod for use 
of the ipriy ^n* 



TTie MiQiunt of thinner to add dapendi on 
the type of paint. Some paint or thianer 
coiitainers have directioni on the outiide while 
other do not. If you eaiuiot locate them, see 
your iupervlsor for asslstaiice. 

jyiottier in^redieiit t3ia.t is sonietlines idded 
to paint is **drler.'* Thii smhstance causes the 
pmnt to set and dry m^uch more rapidly thm 
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HIGH 
AIR PRESSURI 



CORRECT 
PATTERN 



LOW AIR 
PRESSURE 




TO OBTm 
SATISFACTORY 
RESULTS, THE 
SPRAY PAfTERM 
M/UST Bi 
ADJUSTED TO 
PROVIDE A 
CONE SHAPE 



CORRECT 



COATING WILL BE 
LIGHT AT THIS 
POINT 



COATING WILL BE 
HEAVY AT THIS POINT fiF^P 



WRONG 





INCORRECT 
^6'' TO 12' 



HOLD GUN PERPENDICULAR 
TO SURFACE ilING SPRAYED 



COATING SHOULD BE EVEN 
AND WET WHEN SPRAYING 



START 
STROKE 



6 TO 12 INCHES \!5;M'iV 
\\\n 



-\-*- ' 



^PULL 
TRISOER 




TRAVEL OF 

RELEASE END OF 
TRIGGER ITRONE 



RIGHT 



HOLDING AND MOVING THE SPRAY GUN CORRiCTLY IS AS IMPORTANT AS THE SPRAY PATTER^ 



NOTE: 

DIFFERENT TYPES OF 
PAINT RfOUIRE 
DIFFER^ENT AIR 
PRESSURlES F0# 
SPRAY APPLICATION 



AJM FIRST STROKE AT PA N 
^EOGE 



IL 




OVERLAPPING SUCCESSIVE 
STROKES PROVIDES AN 
EVEN COAT OF PAINT 



AIMIN 
POINT 

BOTTOM 
OF PRE- 
CEDING 
STROT 

! PULL 
j-^ TRIGGER 
START STROKE 



MINIMING 
OVERSPRAY 
WITHOUT BANDING 



OVERLAPPING EACH PASS 



Figure 9-SS«^^oll6^ ttitsi biile mps to a profiuional finish, 
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normal* Becausi a small imount of drier is all 
that ii needed, the instructions on its use must 
be followed closely. 

Mixing paint and adding drier are two 
critical parts of painting vehicles. Us^ of the 
wrong type of thinner, paint, or exce^ive drier 
will causa the paint to fade, peel, or blister 
within a short period of time after completing 
the job. 

EPOXY FILLERS 

The modem auto body repair shop would 
not ba caught without a bunch of this stuff on 
hand. Your being in the Navy, and particularly 
in the SEABEES, prevents you from having this 
convenient item unless it is purchased through 
special order or open purchase. Shelf life of the 
Item (length of time it can be stored before use) 
is not long enough for the supply department to 
carry it in stock. 



You may find body fillers used in a Public 
Works repair shop. Its use is simple in that the 
body portions do not have to be strai^itened as 
closely as when making repairs without it* Some 
fillire require that a primer coat of paint be 
applied over the metal prior to their application 
while othei^ do not. By using the mariufacturers 
Instmctions, you can apply body filler over 
rou^ placei and fomi it with a body file or 
sanding until it conforms to the contour desired. 
The advantage of using body filler lies in the fact 
that a badly damaged vehicle can be returned to 
a like new appearance quickly and with only a 
limited amount of metal straightening. 
Additionally, the use of thinner metal in the 
bodies of modem vehicles makes it difficult to 
reform panels into tlieir original shape. Should 
you have an opportunity to use an epoxy filler, 
the recommended thicloiesi of the filler should 
be kept to approximately 1/8''. If more is 
required, it should be applied in coats not to 
exceed 1/4" and allowed to dry before applying 
the next coat. 
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CHAPTER 10 



BRAKES 



Good brakes are an absolute ntca^ity for 
the safe opamtion of all self-propelled vehiclis 
and equipment, The emphasis of inanufacturere 
on speed and hauling capacity results in an ever 
increasing demand for improvements in braking 
systems. The brakes must not only be able to 
stop the equipinent, but also must do so reliably 
and in as short a distance as po^ble. In order to 
provide tha proper service and repair to these 
braking systems, the mechanic must have a good 
understanding of how these systems function. 
Improper repairs can result in a fatal accident if 
brakes fail to function properly* 

Brake operation is dependent on the friction 
created when two suifaces (one stationary and 
one moving) are brou^t into contact with each 
other. In brake systems, brake drums or disks 
provide the moving surface and brake shoei or 
bands the stationary surface. Thus the wheels or 



other moving componenets connected to the 
druitis or disks wll slow^ stop, or remain 
stationary, when tha brakes are applied (fig. 
10-1). 



TYPES OF BRAKES 

Two types of brakes are provided on all 
self-propelled equipment: the parking brakes 
used for keeping the equipment stationary when 
itoppedj and the service brakes that are used 
during normal stop and go operation. 

PARKWG BRAKES 

Parklrig brakes on the rffkjprity of light-duty 
vehicles era interconnected With the ler^dce 
brakes at the rear of the vehicle (fig. 10-2)- 
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Figuri 10^1.-Metfiods Gf brake spplintlon. 
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FIguri 1O*2.-=Tyfii0al parking brake (Integral typi)* 



Hoavy^duty parking brakas are usually mounted 
at the rear of the toansmission or transfer case 
(fig. 10-3). An adjustment Is provided in the 
Unkage of both types to compensate for lining 
wear. The lining of the integral type is replaced 
when the service brakes are repaired. The 
transmission type parking brake is semced 
separately when the lining has worn a 
predeterminad amount. 



SERVICE BRAKES 



Service brakes are normally provided at each 
wheel and function when a pedaJ Is depressed by 
the operator. Except in the ca^ of some track 
mounted equipment, service brakes depend on 
hydraulic fluid or air as a medium for applying 
the brakes. 

In this chapter, the discussion conceniing 
service brakes will be divided into two m^or 
sectioni, HYDRAULIC BRAKES and AIR 
BRAKES. 



HVDRAUUC BRAKES 

Hydraulic brakes use liquid as a connection 
or coupling between the brake pedal and the 
servics brakes^ as indicated in figure 10-4. This 
liquid (brake fluid) will not fieeze or boil unless 




Figurf Dtagrim of tht Qpiration of a hydrauli0 

brake lyitem. 
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subjected to extreme temperatures. Brake fluid 
other than that obtained through normal supply 
channels should be lubekd either 
J 1 703 A, or J 1703. All these fluids are suitable 
for use with both drum and disk brakes. 



MASTER CYLINDERS 



Master cylintders (fig. 10-5, 10-6 and 10^7) 
are designed for use with single or dual braking 
systems. These cylinders contain one or two 
fluid reservoirs and pistons which force the tluid 
through the lines into the wheel cylinders. As 
pressure on the pedal is increased* greater 
pressure Is built up within the brake cylinders, 
and thus greater force is applied to the brake 
shoes. When pressure on the pedal is releaied, 
the springs on the brake shoes return the wheel 
cylinder pistons to their released positions. This 
action forces the brake fluid back to the master 
cylinder. There is also a return spring in the 
master cylinder and at the brake pcdah 

Master cylinders used with drum brakes 
often contain a residual check valve which 



retains a slight pressLire within the lines and 
wheel cylinders when the brakes are released. 
This pressure prevents nuid from seeping past 
the cups in the wheel cyUnders and also prevents 
the entrance of air Into the hydraulic passages as 
the brakes are released. 

Dual master cyllnderi contain two of 
everything found in the master cylinder used for 
single systems. Thus/ these cylinders provide 
separate pressure systemi, one for the front 
brakes and one for the rear. These cylinders 
provide an additional safety feature in that 
should one portion of the biake system fail, the 
other will continue to function. However, 
should one portion of the system fail, brake 
pedal travel will increase noticeably. 

Dual system master cylinders for disk brake 
applications are practically the same as other 
dual system master cylinders^ except that the 
fluid reservoir for the disk brakes is much larger 
than the reservoir for the drum brakes. In. 
addition, the output port to the disk brakes does 
not contain a residual pressure check valve. 

The shoes of disk brakes are always in slight 
contact with the disk and when the brake is 




81.558 
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applied, no appreciable amount of fluid is forced 
into its cylindf r. The larger mservoir is necessary 
because as the shoes wear, they move outward, 
creating a larger cavity in the caliper cylinder 
and fluid moves from the master cylinder to fill 
the additional area. 

Master cylinder reservoir fluid level should 
be checked periodically and clean brake fluid 
addedj as needed, to maintain fluid level 
approximately 1/4 inch from the top of the 
reservoir. 

When major brake service is being 
performed, the master cylinder should be 
reconditioned or replaced as neceisary. Often 
the master cylinder bora can be cleaned v^ith 
crocus cloth or a master cylinder hone. When it 
is badly scorad, pitted, or comded, however, 
the master cylinder should be replaced. 

After you clean up a master cylinder bore, 
be sure you check the clearance between the 
cylinder bore wall and piston. If a narrow (1/8*' 
to 1/4" ' wide) 0.0O6" feeler gage can be inserted 
between the Qylinder wall and a new piston, the 
master cylinder should ba replaced* Be careful 
when inserting the feeler gage between the 
piston and GyUnder wall to avoid damaging cups 
on the piiton, 

Whan servicing a master cylinderj be careful 
to keep aJl parts clean and free from mineral oil 
and grease. Do not handle hydraulic system 
parts with oily orpe^y hands. 

It is good practice to bench bleed a new or 
reconditioned master cylinder before installing it 
on a vehicle. This is particularly true of the dual 
system master cylinderi. Bench bleeding 
removes any air from the master cylinder bore 
and saves time when you are bleeding the 
balance of the hydraulic system. 

BRAKE FLUID DISTRIBUinON 

The brake lines transmit fluid and pressure 
to the wheel cylindeii or disk brake calipers. In 
addition to the steel tubing, nexible reinforced 
rubber hoses are used at the rear axle and both 
front wheels. On vehicle equippad with fuU 
independent suspension, flexible hoses are also 
used on both rear wheels. 



The steel lines seldom need replacement 
except in areas where they rust from exposure 
to s^t air or constant high humidity. If you 
replace themj you should ALWAYS use steel 
tubing. Xhe flexible hoses should be ihspectad at 
regular maintenance periods for any signs of 
cracking or abrasion. If the outer protective 
cover is cracked or badly abraded, it should be 
replaced, 

A pressure actuated brake light switch is 
used in the single system. This switch may be 
found at the master cylinder or elsewhere in the 
distribution system. In dual brake applications, 
the switch is mechanically actuated by brake 
pedal Unkage when the brake pedal isdepresied. 

In addition to flie components contained in 
the single system, the dual system contains a 
brake wammg light switch. If the system is 
equipped with front disk brakeSpa proportioning 
valve and metering valve are also added. These 
components may be separate or In one assembly, 
as illustrated in figure 10-8* 

The warning light switch operates a light on 
the instniment panel to signal the operator 
should the front or rear brake system faiL 

In some applications special procedures are 
required to mgent^r the diffarential piston in the 
valve body and prevent constant operation of 
the warning light after the brake system has 
been repaired. 

The proportioning valve is actuated by 
pressure in the rear drum portion of the brake 
system, and prevents skidding during heavy 
braking. The metering valve operates in 
conjunction with the disk portion of the brake 
^stem. TTus valvti functions during the intitial 
stage of brake appUcation to prevent excasdve 
front disk braking until the rear dwm brakes 
overcome retum spring praisure and contact the 
dmms. 

To detemine if eithar of these valves is 
faulty, carefully follow the manufacturer's 
procedures wntainad in tte service manuah No 
attempt should be made to repair the switch or 
valves Aould they be inoperative. 
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VraiEL CYLINDERS 

Wheel cylinders iistd with drum brakes on 
the majority of islf-propelled aquipmant are 
mmilar to tha one Ulustratad in figuri 10-9. With 
this oylindari fluid preisuie oausas botti pistons 
to move outward in the cylinders and apply 
form to the brake shoes. Ratum springs, 
atta€had to tim ^oes^ ^use the shoas and 
cy Under pistons to return to thair oripnal 
position when the brakas ara relaasad. 

Normally, faulty wheel cylinders are 
detected whan fluid leaks appaar or the pbtons 
stick in the cyUndere, preventmg brake 
application. Should this occurs rap^ pio^dures 
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Figure 1&9.;^rofS seotlon of a wheel cylind^* 



are similar to those outlined previously for 
master cylindera. 

DRUM BRAKE 
ASSEMBLIES 



Internal expanding drum brakes are the most 
common type of brake used on self-propallad 
equipment. These brakes depend on a 
"^If-enargizing" (servo) action to supplamant 
the effort provided by the operator* The term 
"^If-energizing*' describes the action of the 
shoes once they contact the moving drum. 

When one and of the shoe is attached to a 
stationary pin (fig, 10-10), the shoe will tend to 
rotate with ttia drum and wedge between the 
anchor pin and drum* This wadglng action 
inCTeaies the braldng effect initiated by the cam^ 
^an two shms are indapandently uchored at 
tte bottom of ttie backing platCp the other shoe 
has a tendency to move away from the drum 
and provida far less braking effort. Should the 
drum turn In the opposite direction, the 
self energizing action would affect tiia operation 
of the saoond brake shoe (not shown). 

Whan both shMS ara Interconnected 
(full-floating) and attached to the backing plate 
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Figure 10-1QL^irak« ihdt lalf-finarglilng action^ 



In such 1 manner that they both tend to mova 
mih. the drum, **silf-ane^giiing'' action wiU 
affagt both shoes (fig, IMl). In these 
applications, the salf^n^gizuig action of ttie 
primary O^^ing) shoe is d'ansmittad to the 
secondary (trailing) shoe. Both Aoes will be 
\¥edged against tiie drum* TUs armngement 
provides the self^nerglzing action to both ihoes 
reprdless of direction of travaL 

Most drum brakes used on automotive and 
light^duty veMcles have a self-adjusting 
mechanism (fig. TMs device adjusts the 

brakes to mmpensate for lining weir. Hiis 
mechanism operates only in raversa. 

When the vehicle is monng backwtfd and 
the brakes an appUed, friction ^usas the 
sacondao^ shoe to move away from the anchor 
pn. Since the upper end of the adjusting lever is 
hild stationary by the actuattng Unkj the lev^ 
I^vots on the second^ shoe, and its lower end 
acts on the adjusting smw sprocket (starwheel). 




STAR WHEEL 
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Fl^re 1&11.^Fulhfloatlng braki isiembly. 



If the linings are worn anou^ to permit the 
secondary shoe to move a predatenninad 
distance, the adjuster lavar will turn the 
adjusti^ screw one tooth. This causes the shoes 
to expand only a few thousandths of an inch. 
When tha brake is released, the lever return 
spring wiU lift the adjuster lever into the 
adjusting position on the sprocket. 

An overrida feature is provided to allow 
biake action by the secondary shoe in the event 
the adjusting screw becomes -^frozen," or the 
self^adjuster becomes inoperative. 

When Gie vehicle is moving forward and the 
brakes are applied , the secondary shoe is held 
against the anchor pin by the self^naiglzing 
action of the brakes, preventing the self^adjuster 
from functioning. 

DRUM BRAKE SERVICE 

Sar^dng drum brake a^amblies involves 
periodic adjustment (unless self-adjusting), 
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Figure 10-12«^AutQmittc brake adjuiteh 



ra placement of tha linings when worn 
ixcessivaly or uniarviceablis and rasurfacing tha 
braki drums when raquiiad. 

Adjusting 

The procaduTas for adjusting drum brakes 
depand on the p^ticular application. In most 
applications having indepmdantly attached 
shoes, two adjuiitmenti are provided at tha raar 
of the backing plate (fig. 10-13). The anchor 
pins ara of an accantric dasipi and ara used to 
position the haal of tha shoes in relation to tha 
drum only whan tha shoes and/or linings are 
raplacad. The cam adjusting bolts located at tha 
top of the backing plate are adjusted to position 
the toe of tha brakeshoe whan Uia shoes md/ot 
linings are replaced* The cam adjusting bolts ara 
also used to adjust tha brakes whan tha linings 
wear from normal use. 

FuU floating brakes (fig, 1 0-1 1) are adjusted 
by inserting a thin bladed tool through a slot in 
the backing plate behind the starwheeL Brakes 
mth this type of adjustmant requira you to turn 
the starwhael until the wheel is locked by tha 
brake shoes and ften back off the starwheal a 
certain numbar of notches. 



Regardless of the application, unless 
thoroughly familiar with the type you are 
adjusting; you should follow tha procedures, 
outlined in the manufacturer's senrice manuaL 

Reptodng Drum Brake Lminp 

In order to replace the brake shoes on drurn 
brakes, the wheel and drum must be removed 




ADJUSTAiLI 
ANCHOR PINS 

Figure 10-13,-Brake adjuitinenti. 
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first. Notice carefully how the springs and 
retainers are installed before attempting to 
remove the shoes from the backing plate. This 
will assist you during reassembly. If hydraulic 
brakes are being repaired, install a wheel 
cylinder clamp (fig. 1^14) or tie the cylinder to 
keep the pistons from coming out of the wheel 
cylinder once the brake ihoes are removed. 
Next, remove the retracting springs with brake 
ipring pliers or a removal and installation tool as 
ihown in figure 10-15. The shoe holddown parts 
must be removed next Figure 10-16 illustrates 
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Figure 10-16.— The brike ^oa reomir ^uses the #ioe 
to dontaet the drum squarely is brakes ire applledi 

one type being removed with a pair of ordinary 
combination pliers. Heavy'duty brake shoes are 
mounted on separate anchor pins. Some of these 
installations inquire removal of the anchor pins^ 
while others require the removal of clips on the 
end of these pins before the shoes can be 
removed. On light'duty brake applicationSs you 
can now grasp the shoes as shown in figure 
10-17 and remove them. After removing, turn 
the shoes as shown in figure 10-18. This allows 
easy removal of the spring and adjusting screw 
assembly. 

Mark the front and rear shoe of each brake 
so that they may be replaced in the smie 
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ASSEMBLY 

sues 

Figure I^IS^-Removing adjusting smw asiimbly. 



position. Clean tha backing plate thoroughly and 
apply a li^t coating of lubricant to the backing 
plate where tha shoes are supported. 

New linings are secured to the shoes by 
rivets or bonding after the old lining and riveti 
have bean ramovad. Bonded brake linings are 
supplied wth the linings already attached to the 
shoas. At some activitlas, the old shoe assemblies 
must be axchanged when drawing new ones 
from tha parts room* Linings that require the 
use of rivets to attach the linings to tJie shoes are 
provided in kits. These kits may provide enough 
linin|S for one or more wheels and the rivets 
needed for attaching them to the shoes. These 
Unings are predriUed and countersunk for the 
rivets and vcad to match the brake ihoes. 

Should your shop have the specialized 
equipment for rallning brakes, it should be used 
to remove and replace the riveted linings. If this 
equipment is not available, the old Umngs can be 
removed with a suitable punch and hammer if 
we is exerdsed to prevent anla^ng the rivet 
holes In Oie shoes* If the rivet holes are enlarged, 
the shoe should be discarded. 

The hMCB shops now use a vise held device 
for installing tha rivets, TMs device comes with 
adapters for use mth various size rivets and is 
stored in the shop's tool room. When instolUng 



rivets, always start in the center of the lining and 
work alternately to each end of the Uning. Make 
sure that the rivets are tight enough to securely 
hold the lining without splitting the lining at the 
rivet holes. Once the linings are attached to the 
shoesj reassemble the brakes by reversing the 
method of removal 

&rvicing Brake Drums 

After you remove the drums, inspect the old 
shoes to determine the drunis' condition. For 
instance, if the linings are worn thin on one side, 
the drums are likely to be tapered or bell 
shaped. Linings with ridges in their contact 
surfaces point out the need for turning the drum 
to remove the matching ridges. 

Visually check the drum for scoring, A 
scored brake drum will prevent a proper 
adjustment between brake shoe and drum and 
cause new linings to wear quickly. Any defects 
found will require the drum to be machined. 
Drums are machined by the machine shop in the 
NMCB and at some shore installations. If the 
shop you are working in has a brake drum lathe, 
make sure that you know how to operate the 
lathe before attempting to machine a drum. 
Using the wrong procedures may ruin the drum 
and cause the vehicle or item of equipment to be 
deadlined. Before machining, check the 
specifications provided in the maintenance 
manual. These specifications tell you the 
maximum amount of metal that can be removed 
from the drum and aUow it to provide adequate 
braking. Many late model brake drums are 
stamped by the manufacturer to indicate the 
maximum Inside dimension pemiisiible for the 
brake drum. 

For maximum braking efficiancy, the arc of 
the shoes must match the drums. This means 
that the shoes must be ground to match the 
cun^ature of the drum when it is machined. Most 
shops are equipped with a special machine to 
perform this task* If none is availabla, flie shoes 
can be installed but the brakes will not become 
fuUy effective until the shoes wear enough to 
match the braldng surface of the drum, and 
frequent adjustment will be needed until they 
do wear sufflcienUy. 
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DISK BRAO 
ASSEMBLIES 

The disk brake assembly (fig. 10-19) coniists 
of a metal disk and caliper assembly. The disk, 
which is bolted to the wheel hub, rotates with 
the wheal of the vehicle. The caliper assembly, 
which is attached to the steering knuckle, is 
stationary. 

The disks are usually solid when used on 
lightweight vehicles and vented (for cooling) on 
heavy vehicles. Both sides of the disk are 
machined to provide a smooth friction surface. 
The caliper contains one or more hydraulic 
pistons which cause the brake shoes (one on 
either side of the disk) to squeeze the disk in a 
viseUke manner. 

Figure 10-20 Uiustrates the operation of a 
typical disk brake assembly. In actual 
application, the brake shoes (friction pads) are 
held in light contact with the disk when the 
brakes are released by a piston return spring, 

Some disk brake shoej have telltale tabs 
which contact the disk when lining wear has 
reached a predetermined point. This results in a 
scraping noise when the vehicle is operated. 
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Figure 10>20.— Sedtlond view of disk brake In rileasgd 
end ippllad position. 

warning the operator that the brake shoes are 
badly worn and should be replaced. 

Disk brakes require no adjuitment. However, 
you win occasionally have to add brake fluid to 
the master cylinder reservoir which supplies 
fluid for tile disk portion of the braking system, 
because the piston return springs, by keeping the 
shoes against the disk as wear occurs, create a 
larger cavity for the fluid in the caliper 
assembly, A booster asiembly is often used in 
disk brake systems as they have no 
self-energiEing feature. 

Some features of the disk brake make it 
more desirable then the drum brake; namely ^ 
braldng action is instantaneous when pressure is 
applied to the caliper assembly, fading caused by 
the heat is eliminated, and the brakes are not 
affected when water is splashed onto the disk 
and linings. 

Disk Brakes Servicing 

Anytime a vehicle having disk brakes is 
scheduled for maintenance, the disks should be 
inspected for scoring and hard spots. Slight 
scoring results form normal braking. A diik that 
is scored less than 0*015 inch can be used 
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without machining if the overali thickness of the 
disk is still within the manaftcturer*s 
specincations. Heavy scoring or hard spots 
require the disk to be machined. 

The rust ridges that build up as w^af occurs 
are of no concern unless new shoes are to be 
installed. Placing new shoes on a disk that has 
rust ridges causes the shoes to seat on the ridie, 
resulting in poor braking. These ridges should be 
removed by grinding or machining prior to 
installing new shoes. Hard spots are removed by 
grinding the same as if found on the 
conventional drum. A special lathe is used for 
maching disks. If none is available, the metal 
lathe in the machine shop and a grinding 
attachment will do the job. 

A test should be made when shoes are 
replaced to determine if the disk has excessive 
runout or thickness variation. Either condition 
will cause erratic braking similar to that caused 
by a warped drum on conventional brakes. 

Runout or wobble of the disk as it ratates 
must be checked with the use of a dial Indicator, 
while thickness variation is determined by 
measuring the thickness of the disk in at least 
three places approximately 1 Inch from the 
outer edge of the disk. Should either of these 
tests indicate a faulty disk, the disk must be 
machined. If it is worn excessively^ it must be 
replaced. 

Disk Brake Lining 
Replacement 

Disk brakes have flat linings bonded to a 
metal plate or shoe. The shoe is not ripdly 
mounted inside the caliper assembly, thus it is 
said to float. The shoes are held in position by 
retainers or internal depressions (pockets 
machined into the caliper). 

To rem ova the shoes, raiie the front of the 
vehicle and remove the wheels. Next, ^move 
approximately two-thirds of the fluid from the 
master cylinder and discard. Do not remove all 
of the fluid or bleeding of the system will be ' 
required on reassembly. The shoes can now be 
removed following the manufacturer's 
procedures. These vary depending on the 



manufacturer and the model. Some models 
allow removal of the sh^s with the caliper 
mounted on the vehicle, while other designs 
require removal of the caliper before the shoes 
can be extracted. In either c^e, the pistons 
should be bottomed in the bores of the caliper 
assembly to release any tension on the shoes. 
TTUs allows clearance for any rust buildup 
(ridge) at the outer edge of the disk. 

Note: The rust buildup near the edge of the 
disk may have to be removed in order for the 
new shoes to ^at properly on the disk. 

'Hie next step is to remove the old shoes and 
insert the new shoes. Now, remount the caliper 
or replace ttie shoe retainers torquing all bolts 
according to the manufacturer's specifications. 
Refill the master cyUnder and apply the brakes a 
few times. TTienj check for any leaks at the 
pistons in the caliper. If none are present^ 
replace the wheels and lower the vehicle. A road 
test should be made to insure that the brakes are 
working properly and also to seat the new shoes 
on the disks. Several (3 or 4) heavy brake 
applications at approximately 35 to 40 mUes per 
hour win work. If the brakes function normally 
after the braking test, the job Is complete. 

Sert^lcing Caliper AssembU^ 

Servicing disk brake caliper assemblies 
usually involves the feplacement of pistons, 
seals, and dust boots, To perform this type of 
service, it will be necessary to remove the caliper 
assembly from the vehicle. Carefully follow the 
procedures given in the manufacturer's 
maintenance manual when removing, repairing, 
and riilnstalling disk brake caliper assemblies. 

SERVICmG HYDRAUUC 
SYSTEMS 

ServiGing hydfauUc brake systems includes 
maintaining the proper leyel of hydraiUlc fluid in 
the master cylinder reservoirj checking the 
system for leaks and worn partSj and bleeding 
tiie brakes. 

If the brake pedal goes to the vehicle floor 
when pushed down, fiiit check the brake fluid 
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level in the master cylinder, check for leaki 
around the master cylinder, wheel cylinders, and 
brake lines. 

When adding hydraulic fluid, be sure it is the 
type recommended by the manufacturer. 

Dirt and dust that accumulate around the 
filler opening can work into the operating 
mechaniUm and prevent a valve from sedlng 
properly, See that all dust and dirt are removed 
before you remove the fdler plug. Add enough 
fluid so that the level reaches juit below the 
filler cover or plug opening. After filling the 
reservoir^ see that the vent is open and the filler 
cover or plug is tight. 

Continual refilling of the fluid reservoir is a 
sure sipi of leakage requiring repairs in the brake 
wheel cylinders, the master cylinder, or loose 
fitting or broken lines in the brake system. Fluid 
lost at these places can detected easily. 
Before tightening the fitting or removing 
sections of tubing for repain- wipe them dty and 
dean, then have an assistant apply the brake. In 
this way you can be sure that you have found all 
the leaks. 

Leaks and loose joints not only aUow fluid 
to escape from the system, but also permit air to 
enter it. AJr in a hydrauUc brake system should 
be suspected when the brake pedal feels soft and 
spongy. This air must be bled from the system 
to obtain a solid pedal. 

The procedures outlined below are for 
bleeding the single hydraulic system. Should you 
be sendcing a dual system (drum or disk) the 
procedures may vary. Always consult the 
manufacturer's manual before bleeding dual 
brake systems. 

One method of bleeding hydraulic brake 
Unes to remove air from the system is done at 
the wheel brake flinders m shown in figure 
10-21. You will do this Job often in servicing 
brakes, especially after they have been relinedj 
Of if any part of the ^stem h^ been 
disconnected* Each hydrauUc brake cylinder has 
some kind of a bleeder screw device (or valve) 
extending from the brake backing plate. 

To bleed the lines proceed as follows: Fill 
the reservoir wth brake fluid to one-fourth inch 
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Figuri 10-21.— Blieder brake llnai, (1) Bletdar icraw, 
(2) Bleeder hose. 

from the top, and keep It full during the 
bleeding operation. 

Attach a short length of rubber hose to the 
bleeder screw and allow the loose end to be 
subme^d in a clean glass container of brake 
fluid. Most bleeder screws have cap screws to 
protect the threaded opening to which you 
attach ttie bleeder hose, 

NoWj have an assistant push in the brake 
pedal to put pressure on the brake system , while 
you operate the bleeder screw, and watch for air 
bubbles m the glass containar. Pushing down on 
tiie brake pedal slowly as far as it will go forces 
the fluid out of the bleeder valve through the 
hose into the glass container. With the fluid 
comes the air that is trapped in the line. It may 
be necessary to pump the brake pedal six or 
seven times before fluid without air can be seen 
entering the gla^ containir. Oieck the reservoir 
after every tiiird or fourth stroke of the brake 
^dal, so that the master cylinder will not be 
pumped dry, md the syitem will not fill with 
mr. 

Bleed one wheel cylinder at a time. Do the 
one farthest away from the master cylinder flntj 
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so that all the air possible can be removed at the 
fiist blieding operation, 

Whm bubbles no longer escape from the 
bleeder hose, close the bleeder screw tightly, 
lemovi the bleeder hose, and reinstall the 
bleeder screw cap screw. Then proceed to the 
next wheal cyUnder, and repeat the process until 
an the cylinders have been bled, 

Rressure bleeding of a hydraulic system is 
preferred to the method just described, but 
requires equipment of the type shown in figure 
10-22. 

A pressure bleeder with fittinp and adapter 
for connecting to the master cylinder fluid 
resarvolr(s) is necessary to pressure bleed the 
system. Be sure there is enough brake fluid in 
the pressure bleeder tank to complete the 
bleeding operation and the tank is charged with 
adequate air pressure for the system you are 
servicing. 

Fill the master cylinder reservoir(s) with 
clean brake fluid. Attach the pressure bleeder 
hose to the master cylinder reserv^oir(s), using 
the necessary fitting or adapter. Open the valve 
in the pressure bleeder hose to pressurize the 
brake hydraulic system. 
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Pigura 1&22.-Pfamr« Nssding of brikf tyitem. 



ERIC 



Attach a bleeder drain hose to the right rear 
wheel cylinder bleed screWj as shown in figure 
10-21. Submerge the free end of the hose in a 
glass container partially filled with brake fluid. 

Loosen the bleed screw. When fluid coming 
from the submerged end of the hose is free of air 
bubbles, close the bleed screw and remove the 
bleeder hose. Repeat at tlie left re^, right front, 
and left front wheel cyHnders in that order. 

If the hydraulic system being bled Includes a 
dual system master cylinder with two filler capSj 
connect the pressure bleeder to the front 
reservoir tu bleed rear wheels and to the rear 
reservoir to bleed front wheels. 

NOTE: Some early dual system master 
cylinder with two filler caps have an opening 
between the two reservoirs. On these units, a 
sealed type filler cap should be installed in one 
opening and the pressure bleeder connected to 
the other. The bleeder may remain attached to 
the same opening while bleeding all four wheels. 

When the bleeding operation is completed^ 
close the valve in the pressure bleeder hose and 
disconnect the bleeder from the master cylinder. 
Be sure the master cylinder fluid level is within 
l/4»inch of the top of the reservoir(s) and Install 
filler cap(s) or a diaphragm and cover, if used. 



VACUUM BOOSTERS 

On many modem vehicles, vacuum boosters 
are utilized with the hydraulic brake system to 
provide easier brake application. In a hydraulic 
brake system there are limitations as to the size 
of the master and wheel cylinders which can be 
practically employed. Furthennore, the physical 
strength of the driver limits the amount of force 
which can be applied. This is especially true 
unless the brakes are self=energizing. These 
factors restrict the brake shoe to brake drum 
pressure obtainable. Vacuum boosters increase 
or boost this braking force. 

There are various designs of vacuum 
boosters, but basically they all operate in the 
same manner. 
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In Basic Machines you learned that air has 
weight-about 15 pounds per square inch at sea 
level. This weight of the air or atmospheric 
pressure is used to operate vacuum boosters. 

It is impossible to create a perfect vacuum, 
but by pumping air from a container it is 
possible to obtain a difference In pressure 
between the outside and inside of the container, 
or a partial vacuum* If the container were 
suddenly opened, outside air would rush into 
the container to equalize the pressure. It is upon 
this principle that the power cylinder of a 
vacuum booster system operates. 

The power brake cylinder (fig. 10-23) is 
vacuum suspended. If the cylinder is air 
suspended, atmospheric pressure Is present on 
both sides of the diaphragm. When the brakes 
are applied, atmospheric pressure is cut off on 
one side of the diaphragm and vacuum is applied 
to that same side. Atmospheric pressure then 
forces the diaphragm toward the side with the 
vacuum. 

If the cylinder is vacuum suspended, vacuum 
is present on both sides of the diaphragm until 
the brake pedal is depressed. When the brakes 
are applied, vacuum is replaced on one side of 



the diaphragm by atmospheric pressure, causing 
the diaphragm to move toward the side which 
has the remaining vacuum. 

Tlie power brake unit involves the master 
cylinder and linkage only. Other parts of the 
brake system are like those in conventional 
brakes. Two external lines are generally 
connected to the power brake assembly: a 
vacuum connection to the intake manifold 
(vacuum reservoir on some installations) and one 
or more hydraulic connections leading into the 
hydraulic brake system, 

On many installations a vacuum reservoir is 
inserted between the power unit and the intake 
manifold. The purpose of the reservoir is to 
make vacuum available for a short time to the 
booster unit should the vehicle have to quickly 
stop with a stalled engine. A check valve in the 
reservoir maintains a uniform vacuum within the 
system should engine vacuum drop off. This 
check valve prevents vacuum from bleeding back 
to the intake rnanifold when manifold vacuum is 
less than the vacuum in the tank. 

All modern power brakes retain some pedal 
resistance, permitting the driver to maintain a 
certain amount of pedal feel. For exarnpla^ a 



INTAKi MANIFOLD 




RELEASED APPLIED 

81,564 

Figure 1^23p^Modarn automotivi power braka as^mbly. 
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light pressure upon the pedal will give a light 
braking force while a heavy pressure upon the 
pedal will cause severe brake application. If the 
vacuurn action of the power unit should fail, 
brake application can still bi obtained by direct 
mechanical pressure on the master cylinder 
piston. 

The vacuum-hydraulic booster unit used in 
most passenger cars and light trucks equipped 
with power brakes is the integral type, so-called 
because the power unit and master cylinder are 
combined in a single ^sembly. The most 
common integral types all use a single or tandem 
diaphragm and are of the vacuum suspended 
type. The posver unit uses a master cylinder 
constructed in the same manner as the 
conventional di^al master cylinder. 

If brake trouble is encountered, check the 
brake system in the same manner as for 
conventional brakes. Air in the hydraulic lines 
will cause a spongy pedal. Oil or grease soaked 
brake linings will cause the brakes to grab. 
Power brakes require the same maintenance as 
other brakes. 

To check the power booster unit for correct 
operation, stop the engine and apply the brakes 
several times to deplete the vacuum reserve in 
the system. Next, partly depress the pedal and 
while holding it in this position, start the en^ne. 
If the booster system is operating properly, the 
pedal will tend to fall away under foot pressure 
and will require less effort for you to hold it in 
the applied position. If no action is felt, the 
booster is not functioning. 

If the power unit is not giving enough 
assistance, check the enpne vacuum. If the 
engine vacuum is abnormally low (below 14 
Inches at idle), tune up the engine to raise the 
vacuum reading and try the brakes. A steady hiss 
when the brake pedd Is depressed indicates a 
vacuum leak is preventing proper operation of 
the cylinder. 

Vacuum failure, which results in a hard 
pedal, may be due to a faulty check valve, a 
collapsad vacuum hose to the intake manifold, 
or internal leaks in the power brake unit. 



A tight pedal linkage (insufficient push rod 
clearance) will sometimes result in a hard pedal. 
If this connection is free and the brakes still fail 
to release properly, the power unit must be 
replaced. 

In addition to hydraulic system problems, 
the brakes may fail to release as a result of a 
blocked passage in the power piston, a sticking 
air valve, or a broken air valve spring. 

Any malfunction occurring in the power 
unit wUl necessitate removing the power unit 
from the vehicle for repairs or replacement. 
Some power units may be rebuilt or repaired. 
Should you have any questions concerning 
repairs on the power braking system you are 
working on, consult your super/isor or the 
manufacturer's manual for the proper 
procedures to follow when testing or repairing 
this unit- 



AIR OVER-HYDRAULIC 
BRAKE SYSTEM 

An air-over-hydraulic brake system is shown 
in figure 1 0-24. This system combines the use of 
compressed air and hydraulic pressure for brake 
operation. The essential difference between the 
straight hydraulic brake system and the 
air-over-hydraulic brake system lies in the 
air-hydraulic-power cylinder. The 
air4iydraulic»power cylinder (fig. 10-25) is a 
self-contained power brake unit which is made 
up of three basic asseniblies: the compressed air 
cylinder, the slave cylinder, and the control 
valve. 

The COMPRESSED AIR CYLINDER 
consists of a piston operating within a cylinder 
body, This piston actuates a push rod which is 
attached to the hydraulic piston of the slave 
cylinder. Movement of the piston in the 
compressed air cylinder is controlled by the 
amount of air, under pressure, allowed to enter 
through the control valve. The cylinder body is 
attached to the end plate on which the slave 
cylinder and control valve are mounted. A 
return spring forces the power piston to the 
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Figure 1D'24.^Di€grim of an lir-hydraulie brike system. 



check valve and a ball check valve is located in 
the hydraulic piston. 

The CONTROL VALVE consists of two 
poppets oparating within a housing and actuated 
by a hydraulic relay piston and reactionary-type 
diaphragm. An air control line connects the 
control valve to the compressgd air cylinder. 

Figure 10-26 illustrates the air-hydraulic 
power cylinder in the released position. Views A 
and B illust-ate the position of the valves and 
slave cylinder hydraulic piston during light and 
heavy brake pedal application* 

When the bfakes are partially applied (fig. 
10-26s viewA)i pressure is transmitted by the 
bmke fluid to the hydraulic piston in the slave 
cylinder and the relay piston. As hydraulic 
prs^ure builds, the relay piston moves the 
diaphragm fowardj closing the atmospheric 
poppet and slightly opening the air pressure 
poppet. Air under pressure then passes through 
the air conliol line and forces the power piston 



released position when the brake pedal is 
released. 

The SLAVE CYLINDER consists of a 
cylindrical housing in which the hydraulic piston 
operates. The outlet cap houses a residual line 

EIHAUIT PORT 
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Figure 1^ii.-Alr-hydraull€ (Alr^Pak) pewir ^lirsder 
atiinibly. 
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forward until the air pressure on the diaphragm, 
in combination with spring presiure, allows the 
air pre^ure poppet to close. TTie degree of brake 
application is detirmined by the amount of 
compressad air trapped in the power cylinder 
body when brake pedal movement stopped. 
Unless more pressuri is applied or the brake 
pedal is released, the brakes will remain in the 
partially applied position. 

View B of figure 10-26 illusfrates the effect 
of applying hi^ brake pedal pressure. Under 
this condition^ the air pressure poppet will be 
held open, allowing a full volume of air under 
pressure to enter the compressed air cylinder 
and cause full brake application. 

The residual Line check valve maintains a 
small amount of pressure in the hydraulic 
system when the brakes are released. TTiis 
pressure prevents leakage at the wheel cylinders 
just as in a conventional hydraulic brake system. 



AIR BRAKE SYSTEMS 

Air, like all gaseSj is easily compressed. 
Compressed air exerts preisure and this pressure 
will be equal in all directions. Air under pressure 
can be conveniently stored and carried through 
lines or tubes. Conaderable force is available for 
braking since operating air pressure may be as 
high as 100 psi. All brakes on a vehicle, and on a 
Jailer, when one is usedj are operated together 
by means of a brake valve. This valve and 
relative location of most of the basic assemblies 
of an air brake system are shown in figure 10'27 
and discussed In the following paragraphs/ 

TTie COMPRESSOR is driven from the 
engine crankshaft or one of the auxihaiy shafts. 
The three common methods of drl^d^g the 
compreisor from the engine are gear, belt* and 
chain. There are two types of compressors in 
general use in the Navy: the reciprocal (piston) 
type and the rotary vane type. TTie compressor 
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may be lubricated from the engine cmnkcase or 
be ialMubricated. Cooling may be either by air 
or liquid from the engine. 

TTie redprocal air compre^or (fig. 10-28) 
operates continuously while the engine is 
running, but the actual compression is 
controlled by the governor* Air is drawn throu^ 
the air strainer and intake ports into the cylinder 
by the partial vacuum created on the piston 
downsfroke. These ports are covered as the 
piston starts Its up-stroke and air in the cylinder 
is compressed. TWs pressure lifts the discharge 
valve and the compressed air is discharged to the 
reservoirs. The discharge valve closes as soon as 
upward travel of the piston stops, 

The purpose of the compressor 
GOVERNOR is to automatically maintain the 
air pressure in the reservoir between the 
maxinium pressure desired (100-105 psi) and the 
minimum pressure required for safe operation 
(80-85 psi) by starting and stopping 
compression. 

In the type 0-1 governor, (fig. 10-29) air 
pressure from the reservoir enters the governor 
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Figure lOZ&^Ridproai air MmprMsor. 



through the strainer and is always present below 
the lower valve and in the spring tube, As the air 
pressure increases, the tube tends to itraighten 
out, and decreaie pressure on the valve. 

Whm the reservoir air pressure reaches the 
cutout setting of the governor (100-105 psi), the 
spring load of the tube on the lower valve has 
been reduced enough to permit air pressure to 
raise the lower valve off its seat. This movement 
of the lower valve raises the upper valve to its 
seat which closes the exhaust port, Air then 
flows up through the small hole in the lower 
valve and out the upper connection to the 
unloader assembly located in the compressor 
cylinder head. When the unloader valves open, 
the compression of air is stopped, 

When reservoir pressure is reduced to the 
cut-in setting of the compressor governor (80-85 
psi), the governor tube again exerts sufficient 
spring pressure on the valve mechanism to 
depress and close the lower valve and open the 
upper valve, thereby shutting off and exhausting 
the air from the compressor unloading 
mechanism and compression is resumed. 

Pressure range and setting should be checked 
periodically using an air jage known to be 
accurate. Pressure range may be changed in the 
type 0-1 governor by adding shims beneath the 
upper valve guide to decrease ttie range, or 
removing shims to increase the range. Pressure 
settings may be changed, if necessary^ by turning 
the adjusting screw to the left to increase tfie 
setting or to the right to decrease the setting. 

TTie strainer should be removed periodically 
and cleaned. Check the governor periodically for 
excessive leakage in both the cut-in and cut-out 
positions. If the governor fails to operate 
properly, it should be repaired or replaced. 

Mien the re^rvoir pressure reaches the 
cut-out setting (100-105 psi) in the type D 
governor (fig. 10-30), the governor diaphragm is 
subjected to sufficient air pressure to overcome 
the spring loading, allowing the valve mechanism 
to move up, permitting the exhaust stem to 
close the exhaust valve and to open tiie inlet 
vdve. Rewrvolr pre^ure then passes through the 
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PieSIURi RANGE MAY SI iNCRiASED BY RiMOVING 
SHIMS FROM SiHiATH UPPER VALVf GUiDf OR 
SECfiiASEP ir ADDrHG SHIMS. 



PREilURe lETTlNGI MAY Si IN* 
CREAIED SY TURNING THi ADJUST- 
ING SCREW CLOeKWlSf OR Di- 
CREASED SY TURNING ICRiW 
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IS FOUNDS AND CUT OUT AT 
IS TO 20 POUNDS HIGHER, 
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governor to operate the compressor unloading 
mechaniiinj stopping further compression of air 
by the compreisor. 

When the reservoir pressure is reduced to the 
cut-in setting (80-85 psi), the sprii^lQading 
within the governor overcomes the air pressure 
under the diaphmgm. 'Hie valve mechanism is 
actuated, closing the inlet valve and opening the 
exhaust valve, thereby shutting off and 
exhausting the air from the compressor 
unloading mechanism and compreKion is 
resumed. 

Pressure range and setting should be checked 
periodically, using an accurate air gage. TTie 
pressure range (pressure differential) between 
loading and unloading of the type D governor is 
a function of the design of the unit and should 
not be changed. The designed range for this 
governor is approximately 20 percent of the 
cut-out pressure setting. The pressure settings of 
the type D governor may be adjusted by turning 
the adjusting nut clockwise to increase or 
counterclockwise to decrease the settings, 

Both strainers should be removed 
periodically and cleaned or replaced. The 
governor should periodically be checked for 



leakage at the exhaust port in both the cut-in 
and cut-out positions, If the governor fails to 
operate properly, it should be repaired or 
replaced. 

The UNLOADER ASSEMBLY (fig. 10^31) is 
contt'oUed by the governor. Ah: pre^ure from 
the governor opens the unloader valves to 
unload or stop compreteion in the compressor* 

The unloader valve mounted in the 
compressor head may he either a poppet-type or 
a spring-loaded control valve. 

The two steel tanks (fig. 10-27) which are 
components of most air brake systemsj are 
caUed RESERVOIRS. These tanks are used to 
cool, store, and remove moisture from the air 
and give a smooth flow of air to the brake 
system. 

A SAFETY VALVE consists of an 
adjustable spring=loaded ball check valve in a 
body. It is used to protect the system against 
excessive pressures and is usually mounted on a 
resen^oir. The safety valve is set at 150 psi. 

A PRESSURE GAGE mounted in the 
vehicle dash is connected to a line which 
contains reservoir pressure, 
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Flgurt l&^SI.-^Unloadtf amnbly. 
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The BRAKE VALVE is the operator's 
control of the air brake system. When the brake 
valve is engaged, air from the reservoir flows 
through the valve to the brakes. The two brake 
valves rammonly used in an air brake system are 
the treadle and hand type. 

The TREADLE type brake valve (fig. 10-32) 
controls the air pressure delivered to the brake 
chambers. When the treadle is depressed, force 
is transmitted to the pressure regulating spring 
and diaphragm which is moved downward, 
contacting the exhaust valve and closing it. 
Continued movement opens the inlet valve and 



air pressure from the reservoir flows throu^ the 
valve into the delivery lines to apply the bfakes. 
As the air pressure increases below the 
diaphragm it overcomes the force above the 
diaphragm and the diaphragm raises slightly. 
This allows the inlet valve to close, but keeps the 
exhaust valve closed also, thus obtaining a 
balanced position, Further depression of the 
treadle increases the forces above the 
diaphragm and coiTespondingly increases the 
delivered air pressure until a new balanced 
position is reached. 

Maintenance of the treadle type valve 
consists of periodic lubrication of the hJnge and 
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Figure 1&32.»Triadli typi braka valvt. 
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roller. Should the valve malfunction, it can be 
diswembled and cleanid. If cleaning does not 
c^use proper operation of the valve, it must be 
replaced, The internal parts should be lubricated 
with vaseline after cleaning. This preventi 
moisture In the air system from causing 
corrosion and freezing of the valve. 

The Independent trailer control valve (fig. 
10^33) provides the operator with conto'ol of his 
trailing load at all times. This valve functions in 
the same manner that the brake valve does 
except that the handle is turned^ rather than 
'depressed^ to operate the valve. Maintenance 
procedures for this valve are the same as those 
given for the brake valve. 

The BRAKE CHAMBER (ng. 10^34) or 
ROTO-CHAMBER (flg. 10»35) provides the 
mechanical force that applies the brakes. When 
the operator actuates the brake pedals air under 
pressure enters the chamber behind the 
diaphragm, causing it to extend the push rod 
and apply the brakes. 

When the brake pedal is released, air Is 
forced from the chamber by the brake shoe 
raturn springs acting on the linkage. After the 
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Figurt 10»U.-^Harid<^pt brake valve. 




31J65 

Flguri 10-34,— Briki diambir. 
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Fi^jfi 10-3S.^3rake roto^ambfn 

shoes reach the fully released positionj the 
return spring acting on the diaphragni causes it 
to return to its ori^nal position in the chamber. 

Check aJinement to avoid binding action. 
Check push rod travel periodically and when 
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nici^ary» adjust brakes so that push rod travel 
is as short as possibli without brakes dragging. 
The push rod length should be adjusted so that 
the angle between the center line of the slack 
adjuster and the brake chamber push rod is 90 
degrees when the push rod is extended to the 
center of its working stroke, 

Replaee the diaphrigm if worn or leaking. 
Replace the boot if it is worn or cracked. With 
the brakes applied, cover edges of diaphragm 
and bolt with soap suds to detect leak^e. If 
leaks are present, tighten bolts unifonnly until 
leakage is eliminated. Bolts should not be 
tightened so that the diaphragm shows signs of 
bulging or distortion. The maintenance of the 
brake chamber and roto-chamber is similar. 

SLACK ADJUSTERS (fig. 10-36) provide a 
quick and easy method of adjusting brakes to 
rompensata for lining wear. Air pressure 
admitted to the brake chamber or rotor-chamber 
when the treadle is depressed moves the slack 
adjuster toward the position indicated by the 
dotted lines. 

The entire slack adjuster rotates as a lever 
with the brake camshaft as the brakes are 



GHfCK PUSH SOB TRAVEL AND ADJUST 
SRAKil SO THAT PUSH ROD TRAVEL IS 
3/4* TQ r. MAXIMUM TRAViL ©F PUSH 
ROD SHOULD NOT iXCEED 1H AS THE 




applied or reieased, The brake adjustments 
necessary to maintain proper slack adjuster arm 
travel (shoe and drum clearance) are made by 
turning the adjusting screw. This rotates the 
worm gear, camshaft, and cam, expanding the 
brake shoes so that the slack caused by brake 
lining wear is eliminated and the slack adjuster 
arm travel is returned to the correct setting. TTie 
slack adjuster rotates the brake camshaft and the 
attached cam (see fig. 10-1), The movement of 
the cam forces the brake shoes against the brake 
drum. Friction of the brake Uning on the drum 
stops the turning movement of the wheel. When 
brakes are released, the brake shoe return spring 
pulls brake shoes back to disengaged position. 

The QUICK RELEASE VALVE (f«. 10-37) 
exhausts brake chamber air pressure and speeds 
up brake release by reducing the distance the air 
would have to travel baclc to the brake valve 
exhaust port. When brakes are engagedj air from 
the brake valve enters into the quick release 
valve, forcing the diaphragm down, The center 
section of the flexible diaphragm closes off the 
exhaust port. Air pressure rushes throu^ the 
quick releaie valve outlet ports to the wheel 
brake chambers. When the brakes are released^ 
the air pressure above the quick release 
diaphragm is exhausted at the brake valve. As air 
pressure above the diaphragm is released, the air 
pressure below the diaphragm raises the center 
off the exhaust port, allowing the air in the 
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Figurt 1^36.— Stoek adjuster. 
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Figure 10»37.-Quisk-riliaii valve. 
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brake chambers to exhaust at the quick release 
valve. The leakage test is made with brakes 
appiiid by coating exhaust port with soap suds. 
Leakage is caused by dirt, worn diaphragm or 
seat. Correct by cleaning and replacing parts or 
by replacing the unit. 

The COM BIN ED- LIMIT INC and 
QUICK^RELEASE VALVE (tig. 10-38) is used 
only in combination with a two-way valve in the 
air brake system of trucks and tractors. The 
combined-limiting and quick-release valve is 
interchangeable in mounting with the 
quick-release valve and serves the same purpose 
with the additional function of providing an 
automatic reduction of front wheel brake 
pressure, at the option of the driver, on slippery 
roads. 

The primary purpose of the TRACTOR 
PROTECTION VALVE (fig. 10-39) is to protect 
the tractor air brake system under trailer 
breakaway conditions and under conditions 
where severe leakage develops in the tractor or 
trailer. 




FIgurt 10-38.-Comb§nid'limitingind quick^rilei^ vaivg. 
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FIgyre 1O-39,^Tra0tor prdtection valve and switch^ 



Th& tractor protection system functions as a 
set of remotely controlled cut«out cocks. (See 
fig. 10-40.) The trailer service and emergency 
lines pass through the valve. When the control 
valve is in the "normal" position^ senrice and 
emergency braking functions of both tractor and 
trailer are normaL When the valve lever is in the 
"emergency*' position, the trailer air brake lines 
are closed off on the tractor valve, 

f-Should a condition resulting in severe air loss 
from ihe tractor or trailer air brake system be 
detected, or if for any other reason it is desirable 
to cause an emergency application of the trailer 
brakes, the driver can move the control valve 
lever to the "emergency'' position. At this time 
both the trailer service and emergency brake 
lines will be closed off at the tractor protection 
valve. Such operation offers a convenient daily 
check of the relay emergency valve on the trailer 
where toctors and trailers are not disconnected 
over long periods of time. The driver should 
move the control to the "emergency" position 
when disconnecting a trailer or when operating a 
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FIgufi 10-40*— Traeter prateetion valvi piping* 
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frictor without trailer if cut-out cocks ara not 
installad in the trailer conngctions on tha 
tractor. The tractor pro taction valve should not 
ba used as a pm^king brake. It is not deagned for 
that purpose. 

The RELAY EMERGENCY VALVE (fig. 
10-41) acts as a relay station to speed up the 
application and release of frailar brakes. It 
automatically applies the trailer brakes whan the 
amergancy line of tha trailer is broken^ 
disconnectad or otherwise vanted to atmosphere 
if tha trailer air brake system is charged. It is 
used on toailars which require an emergency 
brake application upon breakaway from the 
fruck or tractor. 

When a tractor is connected to a trailer and 
the sendee and emergency lines are opened, the 
relay amerggncy v^lva permits charging the 
trdler air brake reservoir to approKimately the 
same, air pressure that is present in the fractor 
resarvoirs. During nomal oparation of a 
tractpr-trailer unit, the relay emergency valve 



functions as a relay valve and synchronizes 
frailer sendee brake air pressure and tractor 
seivice brake air pressure as the service foot 
brake valve on the tiractor is operated, ITie 
trailer brakes can alio be applied indepandently 
of the tractor brakes by usa of tha hand conttol 
brake valve on the tractor and the relay 
amergancy valve on the trailer. 

If a trailer is disconnectad from a tractor for 
loading or unloading, or if tha trailer is separated 
from the tractor under emargency breakaway 
conditions, or if its amergancy lina is vented to 
atmosphere by ottier means, the relay 
emergency valve applies the frailer brakes 
automatically at existing trailer reservoir 
pressure. If a trailer is to remain parked under 
these conditions, the wheals should be blocked 
to avoid tha possibility of a runaway. 

If it is dedred to release the emeiiancy 
brake application on the trailer under these 
conditions, the trailer reservoir drain cock can 
be opened^ or the trailer air braka system can be 
richffl-ged through the trailar emargency Una, 
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Figure 1D-41,^Riliy imirgency valvt. 



Cheek the relay emargency valva by moving 
the ttactor protection control levgr to the 
**amirgincy'* poiition If tractor protection 
equipment is installad. If not, ttie valve can be 
checked by closing the emergency line cut-out 
cock and uncoupling the emergency Une. Either 
way the trailer brakes should apply 
automatically. Trailer brakes should release, in 
the first case, when tiie cont'Ol valve lever is 
moved to the **normal" position^ and secondly 
when the eme^enGy Une is coupled or the 
cut-out opened. 

The relay emergency valve is checked for 
leakage by application of soap luds with the 
brakes in the released, appUed and emergency 
application portion* Check tte emergency ak 
Une coupling with soap suds to determine 
leakage with the valve in ema^en^ application 
j^sition. Leakage may be caused by dirt or worn 
l^rti which may be corrected by cleaning and/or 
replacing the unit* 



CHECK VALVES ARE LOCATED in the 
lines of air brake systems to prevent the loss of 
air should a line rupture while in operation. 
These are placed at the entrances of the main air 
tanks and prevent the loss of air should the inlet 
Une from the compressor fail. The ball-type 
check valve shown in figure 10-42 is typical of 
the type used on the lemitrailef braWng systems. 
Check valves may be either disk or ball and 
single or double units. Regardless of design, their 
function is tiie same. 

AIR HOSES and AIR HOSE FITTINGS (flg. 
10-43) provide a means of maWng a flexible air 
connection between points on a vehicle which 
normally change their position in relation to 
each other or between two vehicles* All tiie air 
hose assemblies used to connect the air brake 
systems from one vehicle to another are 
equipped with detachable flttings and spring 
guards. 

When installing a hose assembly where boUi 
ends are permanently cormected, use tihe air 
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Piguri lO^Z^MhtfpQ singlt check vaJvs, 



hosa QOiUiactor assembly gt aither end as the 
union to permit tightanlng tha hosa connactors 
in pliCi. Loosan the nut on one of the 
connaatoF assamblias and ttian turn the hosa In 
tha loosa connactor to avoid kinking tha horn. 

DUMMY COUPLmOS (fig. 10-44) are used 
to pravent dirt and moisture from entering 
unused air lines. BraQket-type dummy couplings 
are mounted to the machine for storage of 
unused hosa. Chain dummy couplings are 
attached to tha machine by a chain and placed 
m rauplings mounted on the machines. 

The LOW PRESSURE WARNING 
INDICATOR (fig, 10-^45) ii an 
elecfro-pneuniatic switch connected with a 
warning buziar or light. It remains open whan 
air prassure is above appro ximataly 60 pounds. 
When pre^uTi drops below this pomtj the spring 



forces the diaphragm down and closes the 

contacts which operate the warning device. 

Normal operating pressure is 60 psi, plus or 
minus 6 pounds. 

If the low prassure warning switch is worn or 
leaWng, replace diaphragm or entire unit. If 
OTntact points are corroded^ correct by filing 
with a fine file or iandpaper. 

STOP LIGHT SWITCHES (fig. 10>46) are 
electro-pneuinatic devices which operate in 
conjunction with tiie brake valve to close the 
stop light drcuit when tha brakes are applied. 
When air pressure from Che brake valve enters 
the cavity on tha one side of the dlaphragni, the 
diaphragm changes its position^ overcomes the 
force of the spring, and moves the contact 
plunger until the contacts close. This closes the 
stop light elacttical . circuit. The i^\dtch is 
desipied to close as soon as 5 pounds air 
pressure is delivered to it. This means the stop 
light circuit closes immediately on a brake 
appUcatiori. 



SERVICWG AIR BRAKES 



Servicing Is Qie most important part of air 
brake maintenance. If the airbrake system is 
kept clean, tight, and free of moisture, brake 
failures ^11 be few and far between. Particular 
care must bm taken to keep the air compressor 
intake flltars clean^ md foreign material out of 
tha lines. 
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CHICK CONTACT POINTS 
FOR CORROSION OR PIT- 
INO* CORRiCT, IF NiC^ 
iSSARY, BY FILINS CON- 
TACT POINTS . 



8i.4as 

Figure 1046.— Stop light iwHah. 
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Fi^rt 104S.-LOW premre wtrning twtteh. 



Tha bade test made to m airbrake system is 
the operational test. TTiis may be in ihm form of 
a road test or in the shop. During an opemtional 
tast, ttm brakes are appUed and released whUe 
observing for equal appUaation, ilugglah 



engagement or release, binding linkage^ and 
' exhauit of units. T^e operation of the 
emergency relay valve is checked by charging the 
^iler system and mmo^ng the emergancy Une. 
TTie brakes should engage when tha Una is 
ramoved and disengage when it is replacad* 
Before maldng any leakage or pressure tests, 
OTnsult the manufacturer's ipeciflwtions for 
correct pressura and maximum leakage. 

To check the leakage of the overall system, 
fully ch^ge the system, shut off the ignition, 
and observe the pressure drop on the gage 
mounted on the vehiQla dadi. The maximum 
leakage will be expressed in ppunds per a 
spedfiad time. 

To determine if leakage of various units is 
v^ithln permisribla or authorized limiti, the soap 
suds test Is used, To make this test, a thick 
mixture of soap suds is used. (Strong lye soap 
^ould not be used.) This mixture is applied to 
my place in the system = where leakage may 
occur. While some places are authorized laakage, 
ottiers are not. For example, castings and the 
tube in ttie governor should have no leakage* 
Points with authoriEed leakage will have a 
^edfled rnaximum in pounds par a specified 
time. 

Soap suds can also be used to check the 
internal condition of a unit. By covering exhaust 
ports or casting openings, the condition of the 
dlapltfagms and valves can be checked, For 
exiunple, to check the condition of the inlet 
valve of the brake valve, release flie brakes and 
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cover the exhaust port with soap suds. Leakage 
indirates the vilve is not seating properly. To 
check the exhaust, the biike is eng^ed. If the 
diaphfagm In the brake chamber is faulty, 
leakage vrill appear around the push rod with the 
brakes applied. 

Always consult the manufacturer's 
spedfications before making any adjustments. 



This is to ensure that the coirect adjustment is 
made and that any variations in procidure are 
followed. 

The llnlngi used with air brakes gradually 
wear from use and require periodic adjustment 
or replacement. TTiese linings are replaced udng 
the same procedures discussed under riveted 
brake linings earlier in this chapter, 
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CHAPTER n 

CONSTRUCTION EQUIPAAENT 



Constniction aqulpmint used in the Navy is 
similar in many ways to the iUtomotivi vehicle. 
TTia uze, wei^t, and design of this iquipment 
causii its configuration to vary greatly, 
depending on its intandid use. Tht power traini 
of thf self-propallad equipmint are similar to 
thosa of automotive veWcleSj but are strongar to 
allow movemant of heavy loads. 

Stationary equipment is normilly toiler or 
sWd mountad. The trailar or skid serves as an 
oparating platform to support tha equipment 
onoe it is placed in position for operation. 

This chaptar describes tha operating 
principles and functions of tha following 
components of construction equipmant: 
HYDRAULIC SYSTEMS, PLANETARY 
GEARS, PIVOT BRAKES, TRACK and TRACK 
FRAMES, POWER SHIFT and AUTOMATIC 
TRANSMISSIONS, WIRE ROPE and AIR 
COMPRESSORS. 



HYDRAULIC SYSTEMS 

In modem construction equipmanti you will 
find hydraulic systems used to transmit power 
for steering and controlling the operation of 
michanicil components. The oil used in the^ 
systems is a spedal blend commonly referred to 
as HYDRAULIC FLUID. 

HYDRAUUC FLUID 

A hydraulic fltud must have tha capacity to 
take on quicldy the shape of its container, TTiis 
capadty enables the fluid to be directed through 



a pipe or a hose by means of gravity or the force 
of a pump, 

Hydraulic fluid must be able to lubricate the 
internal moving parts as it transmits force. In a 
la^e system s the pump moves a large volume of 
fluid under preisure that may reach 2*000 
pounds per square inch (psi). This prjassurej 
created by the resistance to flow, causes the 
fluid to become hot. As the temperature rises, 
the viscosity of the fluid tends to lower. Fluids 
used in a modem hydraulic system must be able 
to withstand hi^ tamperaturas, and still provide 
the lubrication needed for closely mated parts of 
the system. 

Hydraulic fluids are considered 
incompressible because of the relatively low 
pressun placed on the hydraulic fluid during 
operation in comparison to the amount needed 
to cause ^y noticeable change In volume. 
Pressures usad in hydraulic systems are limited 
by two factors: the ability of the pump to pass 
fluid when under pressure md the strength of 
the containeii of the hydraulic fluid. 

TRANSMISSION OF FORCE 

For a hydraulic system to trwismit forcCj the 
system nnust be seded to prevent leakage, it 
must provide a method of applying force to the 
fluid, add it must contain a movable component 
for the fluid to act upon, 

As an aKample, notice in flgure U-1 that 
pressure is being appUed equally to all portions 
of the system between the pistons. Kston 1 has 
1 00 pounds of force applied to its surface. Thi$ 
force is measured as pressuie* Notice that the 
same amount of for^ applied to piston 1 Is 
tmnimitted through the fluid and applied to 
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FORCE 1 - 




Figure 1 1^I.^Transmi^ion irf forea in a hydreullg tyitem. 



B.181 



to Lis. 



Uim OF PISTONS PRIOR 
TO AFPLlG^TlQN OF 







Figurt 1 1^2,-Multiplicatlon ef force in i hydreulie ^item. 



4.7 



piston 2, With this amngemant, any force 
appUad to piston 1 will be tranimittad to piston 
2 as though th§ fluid ware a soUd connection. 

MULTOUCATION OF FORCE 

Sonm hydraulic systems ire usad to multiply 
force. In figitfa 11.2, notice that piston 1 is 



smallar than piston 2, If the force applied to the 
smaller piston is 20 pounds, the force appUad to 
piston 2 will be 200 pounds bacause of tha 
increased area of piston 2. Also notice ttiat 
piston 1 moves farther than piston 2. TTiis 
results in a mechanical advantaga that depends 
on the volume of fluid and surface areas of the 
pistons. 
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Figure 11^3. -^A baslQ hydraiitig systemi 
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Figure 11-4--Typieal hydraulic re^rvsfr. 



BASIC HYDRAULIC SYSTOIVI 

A basic hydraulic system is illuifrated in 
figure 11-3. This system consists of a 
RESERVOIR. STRAINER, POSITIVE 
DISPLACEMENT PUMP, VALVES and a 



HYDRAULIC CYLINDER interconnected by 
PIPING and HOSES. Other systems you may 
encounter will contain an ACCUMULATOR and 
a HYDRAULIC MOTOR in place of the 
hydraulic cylinder. 

RESERVOIR 

The reservoir illustratid in figure 11-4 
contains mmy features that may be included in 
the ones you mU find in hydraulic systems. This 
reiervoir is usually located where it can readily 
dissipate heat to the atmosphare, oooling the hot 
fluid in the system. It must be large enough to 
allow for settling of any impurities and 
separation of air from the fluid prior to reuse in 
the system. All systems contain a vent for the 
reserv^ou' that is either a part of the filler cap or 
mounted separately, TTie vent is located to 
prevent fluid loss and nonnally contains a 
fllterijig element. The filtering element keeps 
dirt from entering the iyitem as the reservoir 
"breathes'' due to temperature changes* 

STRAWERS AND FILTERS 

All hydraulic systems have a strainer and one 
or more filters to remove the impurities that 



;333 



S43 



CONSTRUCTION MECHANIC 3 & 2 



would eventually contaminaty thu hydrauliy 
fluid and rtinder it useluss. The strainQr can by 
located in the resurvoir, m iUustratt^d in nyuru 
11-4, or in the Inlet Hm to the pump, A strainur 
is not as rc.strictive to tlovy us a niter. 

Filters plaeed In suction lines that carry a 
large volume of riuid will gause a restriction. 
This restriction can reduce the volume of nuid 
being pumped and cause the pump to fail froni 
lack of lubrication. A hydraulic pump should 
operate with a full volume of Huid at all tim^H. 
When tha pump inlet becomes restricted, aJr 
pockets develop inside the pump and may 
damage it. When installed in the return line of a 
system, a filter can remove pieces of metal, seals, 
and other unwanted matter before they reuch 
the operating side of the system and damugy 
closely mated parts. 

The hydraulic filter is equipped with a valve 
that allows the Huid to bypass the filter element 
should it become clogged. The filter is normally 
located so that only a little tluid will be lost 
when the element is changed. Usually of the 
paper cartridge, cannister, or edge type, 
elements are similar to those used in engine 
lubrication systems. Regular filter maintenance 
is necessary to prevent contaminated fluid being 
recirculated in a system, 

HYDRAULIC PUMPS 

Pumps create the flow of tluid within a 
hydraulic system; they do not create pressure in 
the system. System pressure is caused by a 
restriction placed in the path of the tluid as it 
leaves the pump. Because of its mechanical drive 
and positive displacement, the pump merely 
moves the fluid regardless of the restriction. 
When enough pressure is built up, movement of 
the restriction occurs or a relief valve placed in 
the system opens, allowing the fluid to retum to 
the reservoir or the suction side of the pump. 

There are three types of hydraulic pumps r 
GEAR, VA^re, and PISTON. The gear pump is 
commonly used on construction equipment. 

The gear pump illusfrated in figure 11-5 has 
a fixed displacement. TTiis means that a 
measured amount of nuid is passed with each 
revolution of the pump regardless of speed. Gear 
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pumps have two gears in mesh, elosuly fitted 
inside a housing, A drive shaft turns one gear, 
which in turn drives the other gear. Internal seals 
and machined surfaces or wear plates arc used to 
seal the tuniing gears and prevent excessive 
leakage. 

When the pump operates, oil is trapped 
between the gear teeth and the punip housing. 
The trapped oil Is carried to the outlet side of 
the pump. As the teeth mesh, a seal is formed by 
the niatlng surf^aces and prevents the oil from 
leaking back to the inlet side of the pump. The 
sealing action causes the oil to be forced out of 
the pump and into the system. 

VALVES 

The valves in a hydraulic system control 
pressure, and direct or limit the flow of fluid to 
the operating components. 

Relief Valves 

A relief valve must be used with the positive 
displacement pump to prevent excessive pressure 
in the hydraulic system. Too much pressure 
could result in damage to the components of the 
system and injury to operating perioiinel. 
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Figure ll-S.-'Flxed displacement gear pump. 
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TTife pressure relief valve illustrated in figure 
11-6 is adjustable. Preisure M^ithin the lyitcni is 
maintained by tension of the spring. When the 
preisurg exceedi the spring*! tension, the valve 
opens and aUows the fluid to return to the 
reservoij or the iuction side of the hydraulic 
pump. A relief valve may be initalled as 
Ulustrated in figure 1 1-3 or as component of the 
pump or eontrol valve. 

Control Vahes 

Control valves are valves accessible to the 
operator for directing the fiDW of nuid within 
the system to operate the machine or its 
attachments. By skillful use of the control 
valves, the operator can regulate the ipeed and 
operation of hydraulic cylinders. Hydraulic 
consols should be operated smoothly to 
eliminate the jarking motloa that causes rapid 
wear and failure of the mechanical parts of the 
ma chine. 

The open center control valve (fig. 1 1-7) is 
the type commonly used with a positive 
displacement pump. This valve provides a direct 
return of fluid to the reservoir when the valve is 
in the neutral position- 

A closed center valve is used with 
nonpositive displacement pumps because it 
blocks the return of fluid when In the neutral 
position. This type of control valve will direct 
the fluid to either end of the cylinder. 




INSPECT FOR 
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Figuri 11-6,-^Adjys^bld prtssure raliif valve. 



HYDRAULIC CYLINDERS 

Hydraulic cylinders are used to transmit 
motion in relation to the volume of fluid 
directed into the cylinder. The force created by 
the cylinder is determined by the pressure of the 
fluid and the area of the piston contacted by the 
fluid. Thus, the larger the piston, the more force 
generated. 

As mentioned earlier, the pressure of a 
hydraulic system may reach 2,000 psi. If this 
pressure Is applied to a cylinder which has a 
piston diameter of four inches, the resulting 
force would be more than 25,000 pounds. 

Hydraulic cylinders used on constructian 
and materials handling equipment are either 
single- or double-acting. 

Single-Acting Cylinders 

Single-acting cylinders siniilar to the one 
illustrated in figure 11-8 are used to exert force 
in only one direction. This rneans that the 
weight or resistance moved must be located so 
that it will cause the cylinder to return to its 
original position when pressure is relieved from 
the piston. In some applications, springs are 
added to help retract the piston rod. A comnion 
use of this type of cylinder is in the hydraulic 
jack found in the maintenance shop. 
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Ftgurt 11-7.-^SiniplifM drawing of an open mnwhy' 
draiitiQ control valve. 
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Figufi 11-8,-{A) SIngli- and (B) ^ublt-ictina hydraulic Gyllndars* 
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DouNa-Acttag Cylinders 

Double-acting cylindefs like tha one in figum 
11-3 are usad on equipinens where force is 
neided m two directions. UnUke the 
fflngle-actlng c/llnder, the double-acting cylinder 



conteini ^als at both and§ of the piiton and 
whert the pistDfl rod passes through the end of 
the cylinder, ^ith the use of this cyHnder, fluid 
Gin be dijictad to either side of the plstoii and 
^use the piitont rod to extend or refract under 
premire. Thi double-acting cylinder shown in 
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figure 1 1 -8 is called an unbalanced cylinder* This 
means that the cylinder can exert mora force in 
one directiori than in the other. This Is due to 
the piston rod preventing fluid from acting on 
the full area of the piston on one side. 

TUBING. PIPING, HOSES 
AND FITTINGS 

The piping and hoses used in a hydraulic 
system must withstand the ma^nium piessura 
of that systein. Specid tubing, pipings and hoses 
are used in the hydrauUc system to wlthitand 
this preisure and malce the system raliable and 
safe to operate. 

Tubing 

The tubing in a hytoullc system is seldom 
over 1 inch in diameter. Tubing connections (fig. 
1 1-9) can be flared or flareless and resemble 



those used with copper tubing. Two typis of 
tubing are in use : seainless and walded. 

Tubing is preferred to pipe because it bends 
easily, reducing the number of pieyes and 
fittings. TTie additional advantages of cutting 
and flaring in the field for on-the-job repairs 
make tubing more suitable than pipe. In general, 
tubing is neater, less costly , and easy to 
maintain. Also, there are fewer reitrictions and 
less chance of leakage with tubing. 

Pipe is preferred in systemi which move 
large volumes of fluid over iti'aightline distances* 
Bending of pipe is not recommended. Fittings 
are needed with pipe to make joints or detour 
around obs^uctions. 

Pipe with threaded fittings up to 1 1/4 inch 
in diameter is suitable in systemi where 
Fissures are leis than 1 ^000 psl. In systems that 
require higher pre^ure or larger pipe, welded 
flanged connections are installed. Common pipe 
connections are shown in figure 1 1-10. 




TUBE 
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Ff^rt 1 1-9.^Pittirigi ^inmorrfy fouiKl on lublng In hy^ 



Hos^ and Fitdngs 

Flexible hoses and fittings are used in a 
hydrauUc system to allow movement between 
mechaniCtU parts of the equipment. Hoses are 
manufactured in layers (See fig. 11-110 The 
inner layer is made of synthetic material that 
resists deterioration from the fluid in the 
system* The middle layer or layers are made of 
either fabric Or rubber for low pressure systemSj 
or wire braid for high pre^ure appliQations. 
These layers give the hose its stt^ngth. Fabric 
layers w normally hjiiited to two In number 
and wire braid to five. The outer layer of the 
ho^ provides a protective covering to prevent 
damage to the middle layer(s), 

Fittings for high pre^ure hoses are made of 
jjTged steeL They are usually not replaceable 
unle^ changed linee the equipment was 
mMufactured. Those shown In figure 11-12 are 
of tee replaGeable type Md are used to make a 
replacement hose should one fail during use. 
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FIgun 11>11.-^Hydraulle hoia eonstructlon. 

ACCUMULATORS 

Accumulators are sonietimes placed in a 
hydfauUc systarn to absorb shock. These are 
frequently used on tracked front end loaders 
and other equipment containing hydraulie 
systems that are subjected to severe shock. 

The accumulator is a large cylinder which 
contains compressed gas or a coil spring 
separated from the hydraulic fluid by a piston^ 
rubber bladder^ or diaphragm. When a heavy 
shock is placed on the hydraulic system ^ fluid 
enters the cylinder and causes the gas or spring 
to compress, Once the shock load stabilizes 
within the hydraulic systam, the fluid is forced 
back onto the operating portion of the system. 

HYDRAULIC MOTORS 

Hydraulic motors provide power to winches 
on cranes, drive conveyon on ditching machines, 
and are used in other applications where 
mechanical drives would be impractical. 

The hydraulic motor is turned by fluids 
under prassure supplied by the pump. ITie fluid 
enters the housing and acts on the rotating 
members. Fluid then discharges and returns to 
the reservoir or pump* Fluid passes throu^ the 
motor ill the same muiner that it does in the 
pump 5 the difference being that the fluid moves 
the TOtating parts of the motor. 

Hydraulic moton often contain components 
identical to those in a pump. Th^ gear and 



piston types are widely used on construction 
equipment, 



HYDRAULIC SYSTEM 
MAmTENANCE 

Maintenance of a hydraulic system that is 
properly operated and cared for Is a routine 
task* This usually consiiti of changing or 
cleaning niters and strainerSj and occasionally 
adding or changing the fluid in the hydraulic 
system. However, an improperly operated 
system can be damaged by overheating, 
excessive preiiure, and contamination. 

Hydraulic fluid must have special lubricating 
and antl-foaming qualities. It must be low in 
viscosity and able to v^ithstand the effects of 
extreme operating temperatures. When adding or 
changing fluid, use only the fluid recommended 
by the manufacturer. 

When working on a hydraulic system, you 
must consider cleanliness an important factor. 
Small dirt and metal particles can score valves 
and clog orifices, resulting in major repair work. 
Before servicing a component of the system, 
remove any exterior dirt and oil from the 
component. In steam cleaning the system, make 
sure all openings are blocked so that no water 
can enter. Once parts are removed, plug the 
hydraulic connections to keep out dirt. This ii 
especially important when the equipment is 
being repaired in the field or placed on deadline 
for extended periods of time. 

Affer all parts are removed and 
disa^embledj clean them. If they are not to be 
replaced soon after cleaning, cover them with 
rags to keep dirt and dust away, 

FILTER MAD^TENANCE 

Regular filter changes are required to insure 
solid particles are removed from the system. 
Filters remove foreign particles from the fluid 
that circulate in the system. Hydraulic filters 
require changing on a scheduled basil. They 
rtiould be changed more often under adverse 
operating conditioni* When changing filters, 
fihoroughly clean the filter housing before 
installing a new filter, Remember to add enough 
fluid to compensate for any fluid lost in filter 
replacement. 
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SWIVEL NUT FITTING 




SWIVIL NUT FITTING NIPPLE 




SWIVEL NUT FITTING 45^ 




SWIVEL NUT FITTING NIPPLE 45** 





FLANGi FITTING 



FLANGf FITTING NIPPLE 




FLANGE FITTING 45^ 




FLANGE FiTTiNG NIPPLE 45^ 



194.63 



Figure 1V12p^Nigh pressure hoii conntetGns. 



RESERVOIR MAINTENANCE 

If the filteri become clogged often between 
changei, the frequency of filter changes is not 
adequate. It is alio possible that the reservoir has 



an excess of foreign matter trapped in the 
bottom. In this casej drain the reservoir and 
clean It. Many manufacturers recommend 
flushing of the hydraulic system periodically to 
prevent an accumulation of foreign matter. 
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Usually, mw fluid is added to thesystam after it 
is nushed or drained. 

REPAIRING LEAKS 

Leaking hydraulic connections art* frequent 
reasons for malnteniince. Some leaks ary 
exterrial, being evident on the outsides of 
cornponants, Others axe internal; they are not 
visible and must be located by testing. 

External Leakage 

Externul leaks not only cause cleaning 
problams but make it hazardous t^or operators of 
iquipment. A leak that allows floor plates to 
become slippery may cause the operator to fall 
on or off the equipnient and get injured. A leak 
that drips on hot engine parts may start a fire 
that could result in the loss of the equipment. 

Cylinders may leak around piston rods or 
rams. You may repair some leaks by tightening 
the packing located in the cylinder end cap. 
Tighten the packing evenly until only a light 
fllrn of fluid is noticeable on the rod when it is 
extended. DONT overtightan; this results in 
rapid failure of the packing and may cause 
scoring of the rod. If you find an internal seal 
instead of packing, the cylinder must be 
removed and disassembled to stop the leak. 

Leaks often arise from hoses that deteriorate 
and nipture under pressure. Such a leak is 
usually first noticed after hydraulic fluid is 
found beneath equipment that has remained idle 
for some time. 

Figures 1N13 and 11-14 show the proper 
procedures for repairing hoses with reusable 
fittings. You can remove a medium or high 
pressure hose from its fittings by unscrewing the 
nipple from the socket and then the socket from 
the hose* 

If you nnd a hose whose outer covering has 
been trimmed back where it enters the fitting, 
replace the fitting and hose as shown in figure 
11-14, The fitting, called a -'non^skive'* fitting is 
the only one authorized for use on Navy 
equipment 



Sometimes you can stop leaks at fittings by 
tightening the hose connections. Tighten them 
only enough to stop the leakage, If you cannot 
stop u leak by tightening, secure the equipment 
and remove the connection. Place a drip pan 
beneath the connection to catch llulclleft in the 
hose. Plug the connection on the equipment to 
keep out foreign matter, Inspect the tlireaded 
and mating parts of the connector. Look for 
cracks in the flared ends of tubing. Examine the 
O-rings tound in some connections and ruplace if 
defective. 

Here are some hints that will hulp reduce 
maintenance of hoses. 

Leave a little slack in a hose between 
connections to allow for swelling when pressure 
is applied to the hose. A taut hose is likely to 
pull out of its fittings. 

Don't loop a hose unless its manufacturer 
calls for looping. This causes unnecessary flexing 
of the hose as pressure changes. Angled fittings 
should be used instead of loops. 

Don't twist a hose; twisting causes the hoses 
to weaken. 

Use clamps or brackets to keep a hose away 
from moving parts or to prevent chafing when 
the hose flexes. 

Keep hoses away from hot surfaces, such as 
manifolds and exhaust systems. If unable to do 
so, install a heat shield to protect the hose. 

Try to route hoses so there are no sharp 
bends in them. This is more critical with high 
pressure hoses than low pressure hoses. 

Internal Leakage 

A small amount of internal leakage is 
allowed to provide lubrication of movirig parts. 
This leakage is normal and does not result in 
faulty operation. 

On the other hand, an exce^ of internal 
leakage results in slow operation, loss of power, 
and overheating of the hydraulic tluid. TTie 
cylinders may creep or drift and, if the leak Is 
bad enough, the control valves may not function 
properly. 
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SOCK ITL ESS 

(Law PrKifufe) 



1, SLIT MOSg FROM PROTECTIVE 



SLIT MOSg FROM PROTECTIVE 

CAP TO END OF NIPPLE. 



DISASSEMBLY 




ASSEMBLY 




3. BEND HOSE AND SN4P IT OFF 

WITH A QUICK PULL, 




1. CUT HOSE TO LiNOTH WITH A 
SHARP KNIFL OILiNilDiOP 
HOii AND NiPPLf LIliRALLY. 



PUSH HOSf ON FITTING UNTIL 
IT BOTTOMS UHDi^NEATH 
PROTECTIVE CAP. 



81.572 



re 11^13.^Replaelng low pressure hosa on a rouiabld fitting. 



Internal leaks are caused by wear of the seals 
and mating parts during normal operation, TTiese 
leaks are often difficult to locate. Uiually, all 
you can do is observe the operation of the 
systim for sigris of slug^shness, creepingj and 
drifting. When these signs appear, you must test 
the system to pinpoint the problem* 

If you suspect a cylinder or control valve to 
be faulty, extend the cylinder to place it under 
load and move the control valve to neutraL 
Secure the engine. If the load settles or drifts 
faster than recommended by the manufacturer, 
block the load. Now disconnect the return line 
from the control valve to the reservoir and plug 
the line. Remove the support from the load and 
check for excessive leakage at the control valve. 
If this occurs^ the valve must be rernoved and 
replaced. Control valves are normally sealed at 



the ends of the spool only, and intemal leakage 
is a sign of an exceisively worn valve body 
and/or spool. These valves are not repairable in 
the maintenance shop. 

If no leakage is evident at the valve, the 
cylinder should be checked unless it is a 
single-acting cylinder which leaks externally 
through the breather hole when the piston seal 
becomes faulty. To check a double-acting 
cylinder, extend/retract the cylinder and block 
in position. Place the control valve in neutral, 
and secure the engine. Remove the line that is 
connected to the cylinder end not under 
pressure. Start the engine and apply pressure to 
the same side of the cylinder to extend/retract 
as before and look for evidence of leaking. If 
none occurs, repeat the procedure on the other 
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SOCKiT AND NIPPLE 

(M«^lyni High FrttiufA 




cur HQSE TD LiNGTH WITH 
FINE TOnTH H4C)C54W OS 
SPECIAL SAW IN THE TOOL 
nOQiA, ICRiW HOSi COUNTSR^ 
CUOCICWISE INTO SOCKET 
UNTiL IT BOTTOMS. BACK 
OFP U-TURH. 




3, OIL NIPPLE THREADS AND 
iNllDi Of HOSE, 




FOR MALE ENDS, SC^EW NiPPLE 
CL0CiC«l$i INTO SOCKET UNTIL 
SHU<^ AQAIHST SOCKIT- 




FOR FEMALE mmt SCREW 
NiPFUf CLQCKWSE INTO SOCKIT. 
LEAVl ! m INCH TO 1 A& INCH 
CLEARANCE BlTwEiN HUT ANO 
SOCKiT. 
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figurn 1 1^14.— RaplaGinfiint proMliirii for m^ium ai^ 
higii prrauri hosi with reuiabli fitting. 



end of the cylinder. Double-acting cylinders may 
leak when operated in one direction but not the 
other. 

To repair a faulty cylinder ^ you niust remove 
the cylinder assembly. Once removed, tak© the 
cylinder to a clean working area for disassembly, 
Clem and inspect the parts for scoring or other 
damage. If in doubt as to the condition of any 
parti, see the maintenance manual or your 
supervisor for advice. When the cylinder is ready 
for reassembly* Initall new seals on the piston 
and between the mating parts of the cylinder 
assembly. Figure 1 1-1 5 illustrates the location of 
seals in a typical hydraulic cylinder. Replacing a 
rod seal in the cylinder end cap is sometimes 
difficult but necessaiy to prevent rework. The 
seals are usually available in kits from the parts 
room. Install these ^als carefully to prevent 
damage that will cause faulty operation of the 
ram. It's a good idea to coat the inside of the 
cylinder with fluid before installing the piston. 
TTiis practice will help to prevent damage to the 
piston seal and also lessen the force neceisary to 
initall Iti After reassembly, use an air hose to 
check the operation of the cylinder before 
replacing on the equipment. 

Should you find two cyllndeii that work 
together, like the blade mms on a bulldDZar, 
overhaul both cylinders at the sanie time if 
possible. This will iniure that the blade or oiher 
attachment will lower and raise evenly. 

If the hydraulic system operates in a slow. 
Jerking manner and excessive noise is present, 
the problem is usually caused by a sinall hole in 
the suction side of the pump allQ^ing air to 
enter the pump. The air causes voids within the 
fluid and results in noise when the aaratsd fluid 
is flowing or being compressed within the pump. 
A thorough check fint thing in the morning 
before the machine Is operated will usually make 
this problem visible as a fluid leak in the inlet 
side of the pump supply line. 

M^en you have slow response under all 
operating conditions and no unusual nolge^ it is 
time to get the manufacturer's manual and a 
high pressure pge. Access is provided for 
attaching the gage in the high pressure system at 
the pump or contro! valve on many types of 
hydraulic systems. Otheii with a separate relief 
vdve will provide access it the valve for 
connecting the gage. Using an adapter^ install the 
gage as indicated by the manufacturer, and start 
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SEALS 



SEAL 



SEAL 




Figuri 11-15.--LD€atiQn of Mils in a ^piaii hydraulla eyllnder. 



81574 



the equipmant If you are unable to obier/e the 
gage from the operator's position, hava someone 
assist you. Any valve axcapt the blade control 
valve on a bulldozer^ or one that containi 
cyUndeni with piston poppats can be used. Move 
the valve to tha operating position and allow the 
device fceing actuated to reach the end of its 
traveL Continue to hold the valve for enough 
time to get a maximuni reading from the gage. 
Ttiis will indicate the maxifnum pressure of the 
system, By comparing this reading with the one 
the manufacturer recornmends, you can 
datemine if the relief valve needs adjuitment. 
Never adjust the relief valve without a gage and 
the manuficturer'i specifli^tions. If unable to 
adjust the pressure high enough^ remove the 
relief valve for inspectlOT to insure that it is 
functioning properly and that no seals or moving 
parts of the valve ara damaged* If no fault is 
located within the valva, reinstall it and remove 
the hydraulic pump. The pump can be worn 
enough that mterrial leakage is excessive, 
preventing the devalopment of adequate 
pressure in the system. The pumpj like the 
control valve, is not repairable except for 
feplacement of the seals and bearinp. 

Accumulators seldom fail during operation. 
Should a failure occur, replacement of the seals, 
diaphragms or rubber bladder ^11 return it to 
usable condition. 

HydmuUc motors are subjected to operating 
conditions dmilar to a pump's. Overhaul of a 
hydraulic motor is limited to the replacement of 
se^s and bearings. 



POWER SHffTAND 
AUTOMATIC TRANSMISSIONS 

Most of the fundamentals of hydraulics are 
put to use in one form or another In torque 
converters and power shift or automatic 
transmissions. The design of these units will 
vary, dependiAg on their application. In general, 
a power shift or automatic transmission is used 
in conjunctioii with a torque converter and 
shifting is accomplishad hydraulically when tha 
range selector lever is moved by the operator, 

FLUID COUPLING AND TORQUE 
CONVERTER OPERA'nON 

"nie torque converter is a refined version of 
the fluid coupling. Althou^ the fluid ccupUng 
does not multiply torque, the toique converter 
actually increases the torque provided by the 
powf r source, 

The fluid coupling consists of two 
members-a pump md a turbine. Tlwy are 
placed close together inside a housing filled with 
oil. The pump is connected to an engine and the 
turbine is cortnectad to the remainder of the 
drive train, Both membei^ contain many blades 
that are used to pump the oil or react from the 
force of the ^11 as the enpne accelerates or 
decelerates. 

M an example of how the fluid coupling 
works, place two fans facing each other on a 
table and turn one on, You will see the second 
fan start to turn as a result of the air striking its 
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blades. TTiis is the principle by which the fluid 
coupling works. 

The blades of the pump and turbine inside a 
fluid coupling are straight, as illustrated in ngure 
11-16. When the ingine is running, oil Is thrown 
outward from the center of the pump and 
strikes the outer end of the turbine blades. As 
engine speed is increased, the force of the oil 
striking the turbine biades increases^ causing the 
turbine to turn. Because of the design, slippage 
is high, resulting in an undesirable power loss. 
For this reason, a true 1 : 1 drive ratio is never 
achieved. As the engine slows, the vehicle's 
momentum causes the turbine to attempt to 
drive the purnp. However, slippage is lo great 
that a free wheeling effect will occur below? 
speeds of approximately 20 mph and the 
engine's GOmpression has little, if any, effect on 
slowing the vehicle. 

Improvements in design of the fluid coupling 
led to the use of curved blades and the addition 
of a thiid member, the stator. The improved 
desi^ (fig. 11-17) enabled torque from the 
engine to increase when the vehicle was 
stationary or picking up speed under 
acceleration, The redesigned blade directed oil 
from the pump to the turbine blades at a greater 
angle, allowing the full force of the oil to act on 
the turbine* In addition, the stator redirected 




f\§^m 11'1S,-Fluid drive pump. 



the oil returning from the turbine so that it 
struck the blades of the pump in the direction of 
rotation. The velocity of the returning oil added 
to that of the oil leaving the pump* The 
improvements made the fluid coupling increase 
the torque provided by the engine. Hence, the 
name TORQUE MULTIPLIER or TORQUE 
CONVERTER, 

Many designs of torque converters are in use 
todays and each has a minimum of three 
members. Some slippage is always present and 
has the desirable effect of keeping the engine 
from stalling at idle speeds or when the engine's 
power is insufficient to move the vehicle when 
loaded, 

HYDRAULIC TORQUE 
CONVERTER 

Tlie hydraulic torque converter assembly 
illustrated in figure 11-18 is used on the 
Intemational Harvester TD-ZO series B tractor 
and model 250 series B loader. The converter 
contained in the asiembly aijtQmatically varies 
the output required at the tracks to meet the 
changing load requirements of the tractor. 
Engine power is transferred by the converter 
with little change In torque when the load is 
light. Under heavy load, the torque 
multiplication Lncreases, but with a resulting loss 
of tractor speed. AJthough the converter does 
not increase engine horsepower, it makes more 
torque available at the tracks* 

The converter portion of the assembly has 
three basic parts: impeller, stator, and turbine. 
Tlie IMPELLER (pump) is bolted to the 
converter drive housing which is driven by the 
engine flywheeL The STATOR is splined to the 
stationary ground sleeve hub and contains a row 
of stationary blades, iometimes called guide 
blades or reactor blades. The TURBINE is 
splined to the output shaft. TTie three parts are 
contained in the converter housing which is 
filled with fluid held at a conitant presiure of 50 
to 80 psi during operation to suppress vacuum 
pockets whjch form at the blades under high 
fluid velocitiei, There is no direct mechanical 
connection between the impeller and turbine or 
itator. 
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TTie impeller draws fluid from the opening 
surrounding the hub and ejects it from its blades 
at lilgh velocity. The turbine is positioned 
opposite the Impeller^ and its blades receive the 
full Impact of this velocity. Fluid exits frorn the 
turbine in the opposite direction of rotation 
from that of the impeller. Then the curved 
blades of the stator (positioned between the 
impeller and turbine) redirect the flow back to 
the impeller in the same direction as the impeller 
is moving. (See fig. 1 M7.) 

Torque multiplication is determined by the 
speed of the turbine In relation to Impeller 
speed. A ball throwi at a paddle will strike it 
with more force if the paddle is statiorary rather 
than moving in the same direction as the balL 
Similarly, when the turbine is rotating as fast as 
the impeller, the fluid passes easily through the 
turblnej applying little or no force to the blades. 
As the output shaft slows downj the fluid strikes 
the turbine blades with more force. Tlie 
maximum striking force of the fluid is reached 
when the turbine is stopped. This occurs in a 
tractor when the output shaft Is stalled by a 
heavy load. 

The reservoir for this torque converters fluid 
is in the rear main frame of the tractor. The flow 



from the reservoir to the converter and from the 
converter back into the lubrlcatuig system is 
described later in this chapter. The 
troubleshooting chart of table 1 1-1 will aid you 
in locating and correcting mechanical problems 
in the International Harvester (TD-20 series B 
tractor and model 250 series B loaders) 
hydraulic torque converter. 

POWER SHIFT 
TRANSMISSIONS 

The International Harvester povv^er shift 
transmission (fig. 1 M9) is used with the torque 
converter just, described. It is designed to 
provide high speed shifting througli 
hydraulically- actuated clutches. The 
transmission has two forward and two reverie 
speeds in both low and higli ranges. Shifting 
from one range to another is controlled by the 
hi'lo shifting lever mounted on the transmission 
front cover. 

The transmission is coupled to the torque 
converter by a universal joint. Gears are 
mounted on four shafts: the reverse clutch shaft, 
the forward clutch shaft, the spline shaft, and 
the bevel pinion shaft. 

The bevel pinion shaft consists of the high 
and low range gears which are keyed to the shaft 




REVERSE CLUTCH SHAFT 



FORWARD CLUTCH 
SHAFT 
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TaUs H-I.^TrmjUaihooting Otmt for Intkrnational HwvMter (TP-20 Serial B Tractor and IVlodal 250 Seriei 

Losil^S/ riyarluiiQ lorqUB i#MnV§fi@r 



Trouble 


Possible Causes 


Corrective Measures 


Loss of fluid ttom. torqut 
oonverter* 


Leaking connections. 


Operate the engine at part throttle 
and inspect all lines and connec- 
tions for leaks. Tighten or re- 
place parts as necessary. 


Leaking converter. 


Check all bolts luid nuts and 
gasket joints while the system is 
under pressure. Replace parts 
. as necessary. 


Torque converter 
overheatini. 


u»perdtiag loo iong in 
low efficiency ranges* 


Jrievi^w □perp^cijig msiruc Lions m 
the operator's manual 


ljow D^ic prfssure. 


connecttons on the pressure side 
ol the systfni. Check fcr exces- 
.^ivfi fluid leaking. 


Low oil level. 


Check khtf level in the rear nmin 
f,v^jne> 


1 nernio oy^pass valve in- 
operative (if equipped). 


.p^©ntov€ sLUQ auo paits CO opf^rate 
ihe hydraulic systc-m wlthuut a 
therniO bypass ^valve. 


Converter bypass valve 
sticking* 


Eemove valva and clean, Inspect 
bore and spring* 


Loss of power. 

r 


Ujw oil lr?eL 


Check the level in the rear main 
franie. 


Low basic pressure. 


Check for broken lines or loose 
conaections on the pressure side 
of the system. Check for exces- 
sive fluid leaking* 


Converter input pump 
inoperative. 


Inspect pump for claniaged parts 
and replace as necessary. 


Converter bypass valve 
sticking, 


Remove valve and clean, Inspect 
bore and spring. 


Engine not up to rated 
performanci. 


Refer to engine service manuaL 


Grinding or scraping noise 
inside converter housing. 


Bearing failure allowing the 
turbine or inipeller blades 
to strike the fixed stator. 


Replace bearings^ turbine, or im- 
peller as necessary. 
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(fig. il-20X The shaft is supported at the rear 
by 1 straight roller bearing, and at the front by a 
double-row faner roller hearine. The oinion eear 



transmisiion case front cover for adjusting 
pinion depth, 

TTie soline ^aft. shown in fieure 11-21. 
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and lecorid speed driven gears are held in 
position on tile spliJie shaft by snap rings and are 
constantJy nneshed with the first and second 
speed drive gmt% on the clutch shafts. The ht-lo 
driving gear slides freely on the shaft and drives 
the bevel pinion shaft when brought into mesh 
with either tlie high or low range driven gear by 
means of the lii-lo shifting lever. 

The FORWARD CLUTCH SHAFT, shown 
in ngure 11 -22, rotates on a straiglit roller 
bearing at the mr and ball bearing at the front, 
^fhe REVERSE CLUTCH SHAFT, shown in 
figure 11-23, has a strai^t roller bearing at each 



end TTie reve.^se drivu gear is keyed to the front 
of the forward clutch shaft, and the reverse 
driven gear is keyed to thelfront of the reverse 
clutch shaft. Each shaft consists of nrit and 
second speed drive gears which ride on bushings 
and are welded to the dual hydraulic clutch pack 
assemblies. 

Fonvard and Reyerse Hydraulic 
Clutch Operatloii 

Tlie forwajd and reverse hydraulic clutch Is 
actually iw clutclies on a common shaft with a 
common appi/ force piston between them. Tlie 
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Figure 1l'20,^B«vij pinion shift* 
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Figure 1%22.^Fonfl/ard alwtgh shaft. 
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clutches allow the simple transfeTof oil from the 
disengaged clutch into the cavity created by the 
engapng clutch. This alloy's a low volume of 
main pressure to actuate the ciutcli for higli 
speed shifting. 

The heart of the clutch is contained iii two 
pistons— the accekrator piston and the force 
piston. Pump oil volume is not needed to nil the 
applying clutch cavity, and only a relatively low 
volume is needed to pressurize the clutch, In 
neutral, all accelerator and force piston cavities 
are filled with oil at lube pressure (10 to 25 psi). 
A selector valve, located on the top of the 
transmission case, direcis the oil to the 
accelerator piston cavilr^s in turn, to the 



force piston cavities. Once the pistons are filled 
with oil, they remain full under lube pressure. 
Other small cross-drilled passages furnish a 
constant supply of lube oil to the drive gear 
bushingj the drum assemblies^ and the clutch 
hubs for distribution through the clutch plates* 
In neutral, neither clutch is engaged, the drive 
gear and drum assemblies are free and no torque 
is transmitted through the clutclu as shown in 
figure 1 1-24. 

Upon application of the clutchj main oil 
pressure (approximately 200-230 psi) is directed 
through the clutch shaft for the specific side of 
the clutch desired. Tlie oil enters the force 
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piston cavity and causes the clutch to engage 
(fig. 1 1-25). When engaged, the clutch holds the 
gear stationa^ in relation to the shaft. Power 
then flows from the shaft, via the clutch, to the 
gear* 

When tha traiismission is returned to neutral, 
an immadiate pressure drop occurs within the 
disengaging accelerator piston cavity and the 
compressed piston centering springs return the 
comnion apply force piston to its centered 
position Of neutral. 

Gear Shiftar Mechanism 

On older models^ the gearshift lever, located 
on the left-hand side of the operator, is 
conneGted through linkage to the range selector 
valve assembly on the top of the transmission 
case. Movement of the gearshift lever positions 
tha selector valve to allow main oil pressure to 
engage tha clutch desired as illustrated by the 
hydraulic flow diagrain in tigum 1 1-26. 



In today's models, the lever is connected to 
the rajige selector valve by hydraulic lines. A 
spool valve (pilot control valve) actuated by the 
gearshift lever directs main pressure to the rarige 
selector valve and causes it to direct main 
pressure to the desired clutch assembly^ as 
illustrated in figure 1 1-27. 

The hi-io shifting lever (on the transmission 
front cover) is held in position by a poppet lock 
in the hi-lo shifting housing. To shift from one 
range to anotlierj the engine must be running 
and the gearshift lever must be in neutral 
position. This allows main oil pressure from the 
pump to pass througli a drilled hole in the 
pilot valve and through an oil line to the shifter 
housing. Hero it releases the poppet lock to 
enable shifting, 

Tlie troubleshooting chart of table 1 1-^2 will 
help you determine possible causes of 
transmission malfunctions and corrective 
measures for repairing the troubles. 
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Tabia 11-2.^Troublishooting Oiart for International Harvester (TD^iO Series B Tractor and Model 250 Seriis B 

Loadars) Power Shift Trinsmission. 



Trouble 


Possible Caiises 


Corrective Measures 


Main oil pressure gage 
shows low or high 
pressures* 


.t^essur© ^s^e majuunGiion* 


£\6pi.4WE gage. 


Plugged suction or pressure filter. 


Clean suction filter. Replace 
pressure filter element. 


Air leakage a.t suction filter , 


Tighten fittings or replace "0** 
rings. 


Air entry into suction line* 


ReplaGe Marmon clamp gasket* 
xtepiace w rings in sygieni* 


Main regulating vaJve springs 
malfunctlonirig* 


Remove and replace Wth new 
valve springs. 


Wrong number of washers at main 
re^ilating valve springs* 


Do not use more thaji a total of 
four washers. 


Binding of lube valve^ bypass valve 
or main pressure valve in regular 
tor housljng* 


Check valves. Install new valve 
body gasket. 


Charging punip malfunctioning. 


Replace pump. 


Low oil pressure wh<sn 
in forward or reverse 
speed. 


Contaminated or restricted oil 
lines* 


Clean or replace oil lines* 


Shims or "0'* ring leaking at re- 
verse clutch shait manifold* 


Replace with new shims or "0'* 
rings. 


Taehomettr drive plug "0" ring 
leaking* 


Replace ''0" ring. 


'■0'* ring at clutch shaft end cover 
leyclng. 


Replace "0** ring. 


Oil leakage past cover and c^e 
gMket at reverse manifold* 


Replace gastet. 


Hook type seal rings on shaft 
leaMng^ 


Replace seal rings* 


Clutch piston seal ring leaking* 


Replace seal ring. 


Slow or erratic clutch 
engagement. 


Low oil level* 


Add oil to proper level* 


_ Clogged filters. 


Rsmove and cleaji suction and 
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Tibie 11-2,— Troubleshooting Chart Uf Inpmatiotiaf Harvester (TD'20 Siries B Tractor and Modei ^0 Series B 

Loadgri} PovMr Shift TransiTiiiiion --continued. 



Trouble 


Possible Causes 


Corrective Measures 


SIqw or erratic clutch 
engagement --coatinued. 


Internal oil leaks. 


Check for damaged or worn 
sealing rings in clutch packs^ 


External oil leaks. 


Check y.1 gaskets, linas and 
connections. 


Low main oil pressure. 


Clean main regulator valve and 
bore; check spring tension. 


Selector hand lever improperly 
adjusted* 


Adjust as described in service 
tnanual. 


Contaminated or restricted oil 
lints. 


Clean or replace oil lines. 


Binding of main pressure valve in 
regulator housing. 


Check valve. Install new valve 
body gasket. 


Range selector valve wiper seal 
leaking. 


Replace seal. 


Noise in traasmission. 


Bearings worn or broken* Worn 


Remove and install new parts. 


Foreign material in oil. 


Drain, flush and refill with 
clean oiL Clean suction and 
safety filters. Replace pree^ 
sure filter element. 


Gears badly worn. 


Install new gears. 


RfiV^ ] Cfe^ T* ^rirf ninirtn not i fi 

MEVEJl ^€i4>^ ^4lliwll iiWL ill 

proper mesh. 


iiQjugL 10 proper ciearani^e* 


High oil teniperature. 


Clogged oil cooler* 


Remove and clean. 


Improper tractor operatiou. 


Operate In correct rangt. 


Improper torque converter 
operat lonp 


Refer to table 


Low or high oil level, 


Add or drain to proper level. 




OH leakage. 


Check all gaskets, lines and 
connections and replace parta 
as necesgary. 




Faulty thermo bypass valve 
(If equipped). 


Discard valve assembly, 


Faulty hydraulic oil pump. 


Replace worn parts or repla^^e 
pump. 




Temperature gage malfunction. 


Replace gage or sending unit, 




Air entry into suction line. 


Replace Marmon clamp gasket* 
Replace **0'- rings in system. 
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Planetary Gear Sets 

vj^Her types of power shirt transmlsiions use 
; ^^r^^n^t?on of PLANETARY GEAR SETS to 
.^iriionii the same functions as the transmission 
just described. 

A planetary gear set (fig. 1 1-28) consists of 
three members: sun gear, ring gear, and 
planetary carrier which holds the planetary gears 
in proper relation with the sun and ring gear. 
The planetary gears are free to rotate on their 
own axes while they ''walk*' around the sun gear 
or inside the ring gear. 

To cau^e a reduction or increase in torque, 
six different methods of connecting this gear set 
to the power train are possible. Another method 
provides direct drive andjieutral can be obtained 
by allowing all the gears to turn freely. By 
comparing the chart shown in figure 11-29 to 
the simple planetary gear arrangements shown in 
figure 11-30, you can see how this is possible. 



CASE 


ST^TIOI^ARY 
MEMBER 


DRrvmG 

MEMBER 


DRIVEN 
MEMBER 


RESULT 


ONE 


RING 


SUN 


CARRIER 


MAXIMUM 
REDUCTION 


TWO 


SUN 


RING 


CARRIER 


UmiMUM RE-- 
JDUCTION 


THREE 




SUN 


EWG 


REVERSE RE- 
DUCTION 


FOUR 


SUN' 


CARRIER 


nma 


MINIMUM 
OVERDRIVE 


FIVE 


RING 


CARRIER 


WN 


MA3QMUM 
OVERDRIVE 


SIX 


CARRIEB 


RENO 


SUN 


REVERSE 
OVERDRrVE 


SEVEN 


NONE (TWO 

LOCKED 
TOGETHER) 


ANY 


ANY 


DIRECT DRrV^E 


EIGHT 


NONE 


ANY 


NONE 


N^CUTRAL 
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Fioure 11.28.— Tabular lummarv al tfia oMiiihU cnmhinatinn* for a nlanrtarv mnr sAt. 
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DRIVINQ 
MEMBER 




STATIONARY 



DRIVING 
MEMBER 



DRIVEN 
MEMegR 



STATIONARY' 




DRIVEN 
MEMBER 



LESS SPEED 
MORE TORQUE 

MAXIMUM REDUCTION 



LESS SPEED 
MORE TORQUE 

MINIMUM REDUCTION 



DRIVING 
MEMSER 




STATIONARY 



STATIONARY, 



DRIVEN 
MEMBER 




DRIVEN 
MEMBER 

DRIVINS 
MEMBgR 



LESS SPEED 
MORE TORQUE 

REVERSE REDUCTION 



MORE SPEED 
LESS TORQUE 

MINIMUM OVERDRIVE 



DRIVEN 
MEMBER 




DRIVEN 
MEMBER 



■STATIONARY 

■DRIVING 
MEMBER 




I'ATIONARY 



DRIVINS 
MEMBER 



MORE SPEED 
LESS TORQUE 

MAXIMUM OVERDRIVE 



LESS SPEED 
MORE TORQUE 

REVERSE OVERDRIVE 



Figure 1 1-30. -Planetary gear arrangemfinis that mil Qrovidi an ineraaw or dncM^a in cnAa^i 
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Notice the ^ly'^uiinn oi rotation as power is 
appUed to the vorr:m;v inembers and others are 
held stationary. In actual application, planetary 
gear sets are used as single or multiple units, 
depending on the number of speed (gear) ranges 
desired. 

On wheel or crawler mounted equipment, 
power for turning the wheels or drive sprockets 
may flow through a planetary gear arrangement 
that provides maximum red ction. (See fig. 
lN30j The sun gear forces the planet gears to 
revolve inside the stationary ring gear and move 
the plariet carrier in the same direction of 
rotation as the sun gear. The planet carrier is 
connected to the hub on which the wheel or 
sprocket is mounted, causing it to rotate with 
the phnet carrier. This arrangement produces 
the mmimutn torque and speed reduction 
obtainabk from a planetary gear set. 

Figure 1 1-31 illustrates the simplest 
application of planetary gears in a transmission, 
With the arrangement shown, two forward 
speeds and neutral are possible. High gear or 
direct drive is shown. The clutch is holding the 
planet carrier to the input shaft causing the 
carrier and sun gear to rotate as a single unit. 
With the clutch released, all gears are free to 
rotate and no power is transmitted to the output 
shaft. In neutralj the planetary carrier remains 
stationary while th»f pinion gears rotate on their 
axes and turn the ring gear Should the brake be 




engaged on the ring gear, the sun gear causes the 
planetary gears to walk around the inside of the 
ring gear and force the planet carrier to rotate in 
the same direction as the sun geari but at a 
slower speed (low gear). To provide additional 
speed ranges or a reverse, other planetary gear 
sets must be added to this transmisiion. A power 
shift transmission with planetary gears can be 
made to operate automatically by changing the 
method of controlling speed changes. 

AUTOMATIC TRANSMISSIONS 

A system must be provided within an 
automatic transmission to shift automatically 
from one gear range to another as the speed ajid 
power requirements of the vehicle vary. In 
modem automatic transmissions, automatic 
shifting is accomplished through a system of 
hydraulically operated clutches, bands, servos, 
govemore, and valves. The pump provides a 
means of developing hydraulic pressure. This 
hydraulic pressure is directed by the various 
valves to the hydraulic clutches and servos that 
control the planetary geare. The transmission is a 
mechanical and hydraulic balance controlled by 
the governor pressure, throttle valve pressure, or 
spring pressure. Tlie manual control lever selects 
the range of transmission operation, 

Tlie procedures for the maintenance and 
repair of a u t om a tic transmissions vary 
considerably among makes and models of 
transmissions. For this reason no procedures for 
maintehance and repair are presented here. It is 
suggested that, when repairs are to be 
peiformed, you follow the procedures outlined 
in the manufacturer's maintenance manual for 
the transmission being repaired. Adjustments to 
an automatic transmission must be made 
accurately if the unit is to operate properly, 

PLANETARY STEERING 

International Harvester crawler tractors are 
steered by a system that combines planetary 
gears and pivot brakes. The planetary steering 
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sun gear is splined to the sprocket pinion shaft 
and the other is machined on the steering brake 
hub. TTie sun gear on the brake hub performs 
the same function as the ring gear in 
conventional planetary systems. Bushinp are 
used to isolate the sprocket drive shafts and the 
steering brake hubs from the bevel gear carrier 
and planetary carrier. The complete unit is 
supported by large roller bearings on the ends of 
the planetary carrier. Lubrication is provided 
from the oil sump located below the assembly. 

When a crawler tractor travels strdght aheadi 
its steering brakes are held in the applied 
position by heavy coil sprinp. Braking prevents 
the steering brake hub and sun gear from 
rotating, and forces the large planetary pinion 
gears to "walk" around tlus sun gear. Theni 
power is transmitted to the sun gear on the 
sprockft drive shaft from the smaller planetary 
pinion gears. 

When making a padual turn, the tractor 
operator moves one of the steering levere back 
far enough to release the steering brake on one 
end of the planetary system. When the brake is 
released, the planetary pinion gears stop 
"^walking" around the sun gear on the steering 
brake hub. This hub then rotates with the 
plinetary carrier, and no power is transmitted to 
the sprocket drive shaft. 

Occasionally, an adjustment of the ring 
brake is required to prevent slippage v it is 
enn^gtHl. To reach the adjustment pc y^-'^i 
must remove the pipe plup that aiv locati J 
below the fenders on the sides of the tractor 
frame. Consult the manufacturer's manual for 
proper adjustment procedures, 

PIVOT BRAKES 

The pivot brakes on these tractors are of the 
multiple disk type. Tliey are operated by a foot 
pedal or individually by pulling the steering 
levers fully to the rear. Tlie middle disks (splined 
to the sprocket drive shaft) have laminated 
linings* TTie intermediate disks (held in position 
by studs) are smooth steel disks, An actuating 
disk a.^^emblv h located in the center of the 



machined on the plates and when the brakes are 
applied, the steel balls move up the ramps and 
force the plates apart. Movement of the plates 
causes the disks to be squeezed together and to 
stop rotation of the sprocket drive shaft. When 
these brakes are ft illy applied, the tracks will 
stop. The steerin^ ers are linked to the brakes 
independently to a.uiatc them for sharp turns. 

Adjustment of the pivot brakes are 
sometimes required to provide adequate braking 
with the steering lever or foot pedal. An 
adjustment is needed when the steering levers 
can be pulled against the seat with the engine 
running, or the foot pedal bottoms. Alv/^yf 
follow the procedures in the maintenaaie 
manual when making tU\g adjustment, llie 
adjustment is made in the linkage located under 
the operator's seat. 



TRACKS AND TRACK FRAMES 

The undercarriage of crawler mounted 
equipment contains two major components: 
TRACK ASSEMBLY AND TRACK FRAME. 
Tliis undercarriage (fig. 1 1*33) is provided on 
equipment that must have positive traction to 
operate efficiently. 

TRACK ASSEMBLY 

TTie track assembly consists of a continuous 
chain surrounding the track frame and drive 
sprocket. Tlie links of the chain provide a flat 
surface for the track rollei^ to pass over as they 
support the equipment. Track shoes are bolted 
to the outside of the chain's links and distribute 
the weight of the equipment over a large surface 
area. 



Tmck Qiain 

Figure 11-34 illustrates a section of track 
chain cut away to show the internal arrangement 
of the Dins and bushings. As the tractor 



Chapter 1 l^CONSTRUCTION EQUIPMENT 



TRACK CARRIER FRONT 
ASSEMBLY ROLLERS IDLER 




TRACK ROLLERS 



81.417 

FIgyre 1 1«33.-»Sida view of eravtfler tractor ehassls. 
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ITie pins and bushinni wear much faster than 
other parts of the track because of their 
constant pivoting as the track rotates around the 
track frame This pivoting results in internal 
wear of both the pin and bushing. As the pins 
and bushings wear, the track lengthens. When it 
does, the track should be adjusted to reniove 
excessive slack. 

Bushmgs that show lots of wear on the 
outside are good indicators of inner wear that is 
also nearini the maKimum allowed by the 
manufacturerj if the track is to be rebuilt. To 
determine whether the tr^ck should be removed 
for rebuilding or replacementj measure the 
outside of the bushinp and track **pitch" 
(length of the track). Use an outside caliper and 
ruler as shown in figure 11-35. Measure the 
outside of the bushing where it shows the most 
wear and compare it to the manufacturer's 
spedfications. 

Measure track pitch with a ruler or tape 
meaiufe after tightening the track to remove any 
slack as shown in figure 1 1-36. 

Should the bushing wear or track length be 
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Track Shoes 

The most common track shoe is the grouser 
shoe shown in figure 11-37. This shoe is 
standard on all crawler tractors with bulldozer 
blade attachments. 

The extremg service track shoe shown in 
flgure 11-38 is found on crawler tractors that 
operate priinarily in rocky locationsj such as 
rock quanies and yoral beaches. Notice that the 
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Figuri 1 1-37.-'8tandird grousar shoe. 
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grousar, or nU'*tfd portion of the shoe, is heavier 
than the one on thn standard grouser shoe 
shown in ngure 1 U37, The grouser absorbs most 
of the wear and its condition can indicate that 
the track needs replacement or overhauh 

Another shoe common to track-mounted 
front end loaders k ^he multipurpose shoe. This 
shoe (not illustrated) has three grousers that 
extend a short distance above the shoe and are 
equally spaced across its face. The multi-purpose 
shoe allows more manuverability with less wear 
on the track and track frame components. 

TRACK FRAME 

The track frames as the name implies, senses 
as a framework and support for the track 
assembly, rollers, front idler, recoil spring, and 



adjusting mechanism, Alinement of the track 
frame on International Harvester tractors is 
maintained by shims where it attaches to the 
pivot shaft at the rear and near the center of the 
track frame where it is mounted against the 
main frame guide brackets. A diagonal brace and 
shims are used to aUne track frames on the 
Caterpillar tractor (fig. 1 U39). 

Track Frame Rollers 

Two types of track frame rollers are used on 
tracked equipment; those located on the lower 
portion of the track frame which support the 
weight of the tractor, and those above the track 
frame, wWch support the track as it passes over 
the track frame assembly. 




1, Cap 

Z Loek Ring 

3. Nut 

4. Waiher Asstmbly 

5. Outer Qearlng Assembly 
Shims 

7. iaaring Holder 

8. Rear Trick RdUr 



9. Drive Oproekat 

10. Track Roller Frim© 

11. Clearinee 
1Z Cluirance 
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15. Clearanot 

16. Steiring Olutch Caie 
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The carrier rollers (fig, 11-40) are mounted 
on brackets which extend above the track frame. 
Two of these roUeri are on each side of the 
tractor, They are of the single flange type. Tlie 
flange extends upward between the links of the 
track chain and keeps the chain in alinernent 
between the drive sprocket and the front Idler, 

The track rollers (fig. 11-41) support the 
tractor's weight and insure that the track chain 
is in alinernent with the track frame as it passes 
under the rollers. Track rollers, both single and 
double nanged, are installed alternately. In the 
normal arrangement^ a double flanged roller is 
directly in front of the drive sprocket, followed 
by a single flanged roller. The rollers alternate 
forward to the front idler. 

Front Idler 

The front idler (fig. 1U41) serves as a 
guiding jupport for the track chain. Tlie idler is 
spring loaded and mounted on slides or guides 
that allow it to move back and forth inside the 
track frame as the tractor passes over uneven 
ground. The spring loading effect causes the 



idler to maintain the desired tension regardless 
of operating conditions. 

Recoil Spring 

The recoil spring is a large coil spring placed, 
in the track frame in a way that enables the 
spring to absorb shock from the front idler The 
spring is compressed before installation and held 
in place by stops or spacers. TTie track adjusting 
mechanism, by pressing against the spring stop, 
maintains the desired tension on the track 
assembly by holding the idler and yoke in the 
forward position. TTie recoil spring's operation 
depends on the amount of tension on the track. 

Adjusting Mechanism 

The adjusting mechanism must ba extended 
enough to remove slack between the front idler 
and spring. The adjustment is made either 
manually (fig, 11-42) or hydrauUcally (fig. 
1 143). All older model tractors have manual 
adjustments whereas the newer tractors are 
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Figure II^I.^Track rolieri in position in track frame. 
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Fi^ri 11-43.-Catirplllar hydraulic tmk idju^ar. 
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Figurt I M2« -Manual traek adjustment 



adjusted hydraulicaily with i grease gun. Grease 
is pumped into the yoke cylinder and extends it 
luitll fnough tension is placed on the recoil 
spring to remove the slack from the track. 
Tension^ relieved by looseiiing the vent screw 
located next to the adjustmint fitting. DO NOT 
I.TIIiRTCATE THIS FITTING WHEN 



Track Guiding Guards 

Accumulations of rock packed in the track 
cause tracks to tighten ^ which results in 
additional wear and stress on the track 
components. Tlie use of track guiding guards 



depreciation, 
guards, that 
aUnementj is 
but actuallyi it 
ion. Guiding guards 



minimize these sources 
Another function of ^ 
of keeping the ti^c 
sometimes considered ^ 
is the most imporiant fi. 
should be repaired when first found to be 
damagedi since a damaged guard is usually 
worthless as far as protection or assistance in 
maintaining track alinement is concernad. When 
installing new tracks on a maciune, check the 
condition of the track guiding guards. These 
guards should be reconditioned to proper 
thickness so they will guide thn track squarely 
into alinement with the track rollafs. 

TTie front gmding guards receive the track 
from the idler and hold it in line for the fii^t 
roller, ^e front roller then can be utilized fully 
for its intended purpose, that of caffylng its 
share of the tractor load without having to climb 
the sidei of the improperly alined track. 

^nie rear guiding guards hold the track in 



EKLC 



CONSTRUCTION MECHANIC 3 & 2 



the sprocket to the track. With proper 
alinement, the goupng of link sides and sprorkt;^ 
teath is eliminated. 

The center guiding guards or tMck ro:'\;i 
guards (fig. ! N44) are available as att •?hmenj-s, 
and axe a continuation of the '*hold tin Une*- 
saftguard so important to cKtending track life. 
These center guards keep the track in line 
between the rollers when operating in rocky, 
uneven, or stee^ sloped terrain, thereby reducing 
wear on the roller nanges and track links. 



MAINTEN^CE OF TRACK AND 
TRACK FRAME ASSEMBLrES 

Some maintenance of track and track frames 
is performed at the jobsite by the field 
maintenance crew. It consists of track 
adjustment, lubrication as necessary, and 
inspection of the track and track frame 
components to determine whether or not the 
tractor should be taken to the shop for repairs, 

TRACK ADJUSTMENT 

In one method for determininp proper track 
tension, a straightedge is placed . .er the front 
carrier roller and idler with all slack removed 




from the r tst of the track. The tension is proper 
when the measured distance is as indicated by 
tjMure J 1-45, In another method of adjustment 
h!! slack ii f^r'oved from the track and the 
adjustment is then backed off until the front 
idler movef: back li2 inch, Always check the 
maiLtenance or Dperators manual for the 
proccdtiie to follow when adjusting tfacks. 

tl the tracks are adjusted too ti^tly, there 
will be too much friction between the pins and 
bushinp when the track links swivel as they 
tiavel around the sprocket and front idler. This 
friction causes the pins, bushings, links, 
sprocket, and idler to wear rapidly. Friction in a 
tight track also robs the tractor of needed 
horsepower. 

Tracks that are too loose fail to stay alined 
and tend to come off when the tractor is turned. 
As a resv'lt, the idler nanges, roller flanges, and 
the sides of the sprocket teeth wear down. A 
loose track will whip at higli tractor ground 
speed, damaging the carrier rollers and their 
supports. If loose enough, the drive sprocket will 
jump teeth (slide over the track bushinp) when 
the tractor moves in revei^e. Should this happen, 
the sprocket and bushinp will wear rapidly. 

LUBRICATION 

Tlie track pins and bushings are hardened 
and require no lubrication. Many rollers and 
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idlgrs are equipped with lifftime seals which are 
fiUad during assembly and need not be 
lubricated. However, track rollers^ carrier rollers, 
and idlers equipped with grease fit tings must be 
lubric/?ted on a scheduled basis. These fittings 
should be cleaned prior to lubricating to prevent 
forcing uirt ai;d grime into thu hearings. Use a 
low pressure lubrication pump on these fittings 
and pump only until you st^^r^ feeling resistance 
on the lever of the pump. 

INSPECnON 

When performing routine maintenance, 
inspect the complete track and undercarriage for 
signs of abnormal war* leaking rollere or idlers, 
^; d misalined, loose, or missing parts. Should 
you find loose track shoes, it is good practice to 
check the torque on all the shoe bolts and 
tighten them with a torque wrench as prescribed 
by the manufacturer. 

If the track appears to be out of alinement, 
report this to your supervisor who will 
determine whether or not corrective action is 
required. Leaking roller or Idler seals should be 
replaced at scheduled maintenance periods or as 
soon as shop worldoad permits. 

SHOP REPAIRS 

Repairs made to tracks and twk frames in 
the maintenance shop are usuaiiy limited to 



replacing roller or idler seals and bearings or 
repairing a hydraulic track . adjuster. On 
occasion, you may find a roller or track that is 
badly worn and requires replacenient. Never 
replace components of the track or track frame 
without consulting the wear limitation charts in 
the manufacturer's semce manual. 

Buildup of the component wearing surfaces, 
except at established overhaul facilities, is not 
recommended unless the piece of equipment is 
essential to the mission of the unit. In this case, 
a Steelworker will rebuild the components and a 
Machinery Repairman, assigned to the 
maintenance shop, will do the machine work. 

Crawler tractor rollers can be removed 
individually by releasing track tension and 
placing a suitable hydraulic jack beiween the 
track and track frame. The jack enables you to 
move the track clear of the roller flanges. To 
remove the front idler and the adjusting 
mechanism for repairs, you must remove the 
track. 

Track Removal 

To remove the track, (fig. 1146) follow the 
steps below: 

1. Release the track tension by manually 
backing off ths track adjustment, or loosening 
the vent screw on the hydraulic track adjuster. 
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2. Remove the master pin. The majter pin 
can be identified by a locking device or hole 
drilled in Its end that distinguishes it from the 
other pins in the chain. Move the tractor 
backward slowly to bring the master pin just 
below the level of the drawbar or on some 
models, forward, and place a block under the 
grouser on a shoe that allows the master pin to 
be centered on front idler. If the pin contains a 
locking device, remove the locking device, and 
drive the pin out with a sledge and a soft metal 
drift pin. Should the pin be drilled, a portable 
press must be used to remove the pin. Do not 
lose the bushings, which may drop out with the 
pin. 

3. Remove the track from the carrier rollers 
and idler by slowly moving the tractor forward 
or backward away from the loose ends. Make 
sure no one is in the way of the tractor or loose 
end of the track when it falls off the sprocket or 
front idler, 

4. Move the tractor off the frack onto a 
plank. The plank should be about the same 
thickness as the track, narrow enough to fit 
between the track frame and shields, and long 
enough so that the entire tractor can rest on the 
plank. 

After removing the tracks, always see that 
the tractor is securely blocked while repairs are 
being made. 

Anytime a track is removed, thoroughly 
inspect the components of the track frame for 
excessive wear or mlsalinement, mentioned 
earlier, repairs in the maintenance shop are 
normally limited to replacement of seals, 
bearings, or bushings contained in the rollers or 
idler and occasionally replacing seals in a 
hydraulic track adjuster. 

Procedures for the removal, disassembly, and 
replacement vary by model and manufacturer. 
Always consult the manufacturer's service 
manual before making repairs^ 

Raplaciiig Tracks 

To renlace thet tranW^ hark th^ 
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F igure 1 1»47.— Pulling triek over sprocket. 



property with the track rail. Continue backing 
until the tractor is just ahead of ifie rear end of 
the track. Then place a bar in the track as shown 
in figure 1 1-47, and help the track climb over 
the sprocket, carrier rollers, and idler as the 
tractor is driven forward. When the track comes 
together, you can install the master pin and 
lock. Once the track is back together, adjust the 
track tension using the manufacturer's 
recommended procedures. 

MAINTOANCE TIPS AND 
INDICATORS FOR TRACTORS 

1. When operating in mud or water, 
lubricate the rollers twice daily (older tractors). 

2. Be sure both tracks are adjusted equally. 

3. Never use a pressure type lubricator to 
lubricate the track rollers and idlers. 

4. Never apply lubricants to the tracks. 

5. Check to see that all the carrier rollers 
and track rollers are free to turn. 

6. If the tractor pulls slightly to one side 
during operation^ this may indicate the tracks 
are not equally adjusted. 

7. Flat spots on the track rollers and canier 
rollers will indicate the rollers are not turning 
freely. 
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WIRE ROPE 

^ a Construction Mechanic, you will 
itimes be required to replace wire rope on 
jnient and attachnients^ Wlr^ rope is 
isiveiy used with cranes and winches on 
sled and track-mounted equipment. 

POSITION AND CHARACTERISTICS 

/ire rope consists of three parts: wires, 
ids, and core (fig, 1 1-48). In the 
ifacture of rope, a number of wires are laid 
her to forni the STRAND. Then a number 
rands are laid together, usually around a 

to form the rope. 
Tie basic unit of wire rope construction is 
idividual wire, which may be made of steel, 
or other metal, in various sizes. In making a 

the number of wires to a strand will vary, 
iding on the purpose for which the rope is 
ded. Wire rope is designated by the number 
^ands per rope and the number of M'ftf s per 
Thus, a 1/3" 6 x 19 rope ^41! >uve 6 
[is with 19 wires per strand, but will have 
ame outside diameter as a 1/2" 6x 37 wire 

which will have 6 strands with 37 wires of 
I smaller size per strand, 
/ire rope made up of a large number of 

wires is flexible, but the small wires are 
' broken so the wire rope is not resistant to 
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externa? V-i^'s-i^^^ Wire rope made up of a 
smaller hu; it^v,) t Is^er wires is more resistant 
to externa! aruiion but is less flexible. 

The CORE-the eleiment around which the 
strands are laid to fonri the rope— may be a hard 
fiber (such as majiila, hemp, plastiCj paper* 
asbestos, or sisal), a wire strand, or an 
independent wire rope. Each, typt^ ^-f com ser%€s 
the same basic purpose, that uf affofMirtg 
support to the strands laid around it, 

A FIBER CORE offers the advantage of 
increased flexibilUy. In addition, it serves as a 
cushion to reduce ihe effects of sudden strain 
and acts as a reservoir for the oil necessary for 
lubrication of the wireb and strands to reduce 
friction between them. Wire rope having a fiber 
core is used in places where flexibility on the 
part of the rope is important. 

A WIRE STRAND CORE not only provides 
more resistance to heat than a fiber core, but 
also adds about 1 5 percent to the strength of the 
rope. On the othc^' hand, the wire strand makes 
the rope le.^ flexible than when a fiber core is 
used. 

AN INDEPENDENT WIRE ROPE CORE is 
a separate wire rope over which the main strands 
of the rope are laid. It usually consists of six 
7-wire strands laid around either a fiber core or a 
wire strand core. This type of core gives the rope 
additional strength, provides supptit against 
crushing, and supplies maximum resistance to 
heat. 

Wire rope may be fabricated by either of 
two methods. If tht strands or wires are shaped 
to conform to t!)*^^ curvature of the flnished rope 
prior to laying up, the rope is terni'jd 
PREFORMED. If they are not shaped before 
fabrication, the rope is teriried 
NONPREFORMED. Preformed wire rope is 
more fiexible than nonpreformed wire rope, and 
when it i^ cut, the wires and strands tend to 
remain in place, With nonprefomied wire rope, 
the twisting process produces a stress in the 
wires, and when it is cut or broken the stress 
causes th^ strands to unlav. In nonDreformed 
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and cDuld cause serious injury to someone not 
familiar with it. 

Wire rope Is manufactured in a number of 
different GRADES, three of which are: mild 
plow steel, plow steel, and improved plow steeK 

MILD PLOW STEEL rope is tough and 
pliable. It can stand up under repeated strain 
ind stress, and has a strength of from 200,000 
to 2kO,000 pounds per square inch (psi), 

PLOW STEEL wire rope is unusually tough 
and strong. This steel has a tensile strength 
(resistance to lengthwise stress) of 220,000 to 
240,000 psi. 

IMPROVED PLOW STEEL rope is one of 
the best grades of rope available, and most— if 
not all— of the wire rope used in your work will 
be made of this materiah It is stronger, tougjierj 
and more resistant to wear than either plow steel 
or mild plow stceL Each square inch of 
iitiproved plow steel can stand a strain of 
240,000 to 260»000 pounds. 

The term LAY refers to the direction of the 
twist of the wires in a strand and the strands in 
thta rope. In some instances both the wires in the 
strand and the strands in the rope ara laid in the 
same direction, and other instances in the 
oppo^iw direction, depending on the intended 
um of rope. 

Fivo different lays of wire rope currently in 
use 4U iUustrated in figure 1 The following 
expbn:??ifjiis will heip you recognize and 
identiry cxr: of the f\y^ types shown. 

RIGm KhOULAEl LAY: In this type, the 
wires in the strands are laid to the left, while the 
strands in the rope are laid to the right. 

LEFT REGULAR LAY: In this case, the 
wires. Jire laid up to the right to make the 
strands, then th*= su'^^nds are laid up to the left 
to form the rope, (In this lay, each step of 
fabrication is exactly opposite from the right 
reguj^r lay.) 

RIGHT LANG LaY: Here the wires in the 
strands and the strands in the rope are both laid 
up to the right. 

LEFT LANG LAY: With this type, the wires 
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l*i^'Ure 1 1*49.— VVire rope lays. 



also laid m the same direction, but in this 
instance the lay is to the left (rather than to the 
right lang lay). 

REVERSE LAY: The wires in one strand are 
laid up to the right, the wires in the adjacent 
strand are laid up to the left; the wires in tlie 
next strand are to the right; and so forth, with 
alternate directions frojn one strand to the 
other. TTien all strunds are laid to the right. 

The main TYPES OF WIRE ROPE used by 
the Navy consist of 6, 7, 12, 19, 24, or 37 wires 
in each strand. Usually, the rope has 6 strands 
laid aroung a fiber or steel center. 

Two common types of wire rope, 6x19 and 
6x37 rope, are illustrated in figure 11-50. The 
6x19 type having 6 strands with 19 wires in 
each strand, is commonly used for rough 
hoisting and skidding work where abrasion is 
likely to occur, The 6 x 37 wire rope, having 6 
strands with 37 wires in each straad, is the most 
flexible of the standard 6-strand ropes. 

Wire rope is designated as to SIZE by its 
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Ftgurt 11^50.— (A) 8x 19 wire rop^; (B) 8x37 wire 
rope. 

rope is considered as being the diameter of the 
circle which will just enclose all of its stran4i^ 
The conrect, as well as incorrect, method 
measuring wir^ rope is illustrated In flgu^u 
11-51, Note, in particular, that the RIGHT WAY 
is to measure from the top of one stiand to the 
top of the strand directly oppoiite it. The wrong 
way, as you will note, is to measure across two 
strands side by side. 

Use calipers to take the measurenient; if 
they are not available, an adjustable wrench 
will do. 

To insure an accUTate measurement of the 
diameter ol a wire rope, always measure the 
rnpa at three places* at least 5 feet apart. Use the 
average of the three measuremants as the 
diameter of the rope. 

The tenn SAFE WORKING LOAD (SWL), 
as used in reference to wire rope^ means the load 
that can be applied and still obtain most 
efficient service and also prolong the life of the 
rope. There arc several rules of thumb which 
may be y-ed to compute strength of wire rope. 
The one recommended by the Naval Facilities 
Engineering Command (NAVFAC) is: 

S WL (in tons) ^ X 4, 

where D represents the diameter of the rope in 
inches. For example, the SWL of a 2-inah rope 
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Flguri 11^51. ^Correct and jncdrrict me^ods of meisur* 
ing wire ropi. 

'^e^^^smber that this is ONLY A RULE OF 
THUMB. In computing the SWL of old rope, 
worn rope, or rope which Is otherwise in poor 
condition, you could reduce the SWL as much as 
SO percent, depending on the condition of the 
rope. 

Some of the common causes of WIRE ROPE 
FAILURE are: 

1- Using incorrect size, constiuytionj or 
p'ade. 

2. Dragging over obstaclei, 

3, Improper lubrication. 

4* Operating over sheaves and drums of 
inadequate size* 

5. Overriding or cross-winding on drurru. 

6. Operating over sheaves and drums v;ith 
improperly fitted p'ooves or broken 
nanges. 

7. Jumping iheaves. 

8. Subjecting to acid fumes. 

9. Improperly attached fltting. 

10. Allowing grit to penetrate between the 
strands, promoting internal wear. 

IL Subjecting to severe or continuing 
overload. 

HANnLINGAND^ d - 

To render safSj uep^duabA; service over a 
ma^iimum period of time, wiire rope must be 
given the care and upkeep necessary to maintain 
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Wire rope has a strong tendency to kink 
during UNCOILING or unreeling^ especially if it 
has been In service for a long time, Keep in mind 
that a kink can cause a weak spot in iae rope, 
which will wear out quicker than the rest of the 
rope, 

A good method for unreeling wire rope is to 
run a pipe or rod through the center and mount 
the reel on drum jacks or other iupports so that 
the reel is off the ground. (See fig, 11-52.) In 
this wayj the reel will turn as the rope is 
unwound, ajid the rotation of the reel will help 
keep the rope straight, During unreeling^ pull the 
rope straight forward, as shown in figure 1 1-52, 
and try to avoid hurrying the operation. As a 
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Figure 11>52.^(Left) Unreeling wire rope. 
Unealling wire rope. 



FOR RIGHT LAY ROPi 
(USi RIGHT HAND) 



FOR LEFT LAY ROPE 
(USE LEFT HAND) 




FOR OViRWiNP 
ON DRUMi 

The pftlm is dcimi faeing 

The index flngtr psinta at 
on^wiiidlng rope. 
The indei finger mait be 
elpatil to the Uft^slde flange^ 
The wifid pf ihe rspe myal 
be from lift t@ riiht along 
the drua« 



FOR UNDiRWlND 
OH PRUMi 

The pals la up^ facing 
the dni9« 

The ladtft fliiger pdlsts at 

Qn*wifiding repe« 

The indek Bngef suat be 

eloseat is the right-aide 

naiigt« 

The Wind of the tope 
muat be ftom right to left 
alsiig thi dfun. 




FOR OVIRWIND 
ON DRUMi 

The palm it dowiii 

^diig ^e dfUDp 

The index nngef polflta at 

os'wiodinj rope* 

The indes fioierouat be 

QlaaeiC to the fight«iide 

(laAgi. 

The wind of the» lOpa nust 
be tf^m fiiht to left ftlong 
the dfiiAc 



FOR UNDIRWINP 
ON DRUMi 

The pilm is up, fpqlng 
the dfum^ 

The index fingef points at 
ori^winding fopei 

The indes finger &i\ist be closest 

to the lefc^aide nange# 

The wind of the repc rauit be 

freni left to right abng the 

drum> 



If ■ ii!Bo9th*face drum has been eyt or acored hy an old repe, the methods shdwii 
Slay not applv$ 



Figure 11'53«^Drum winding dligrams for seleetian of propir lay of rope. 
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safeguard against kinking, NEVER unreel wire 
rope from a reel that is stationary, 

To uncoil a small coil of wire rope, simply 
stand the coil on edge and roll it along the 
ground like a wheel or hoop^ as illustrated in 
rigure lb52, NEVER lay the coll flat on the 
floor or ground and uncoil it by pulling on the 
end, because either of these actions is likely to 
cause kinks or twists In thi rope. 

To re-reel wire rope back onto a reel or a 
dnim you may have difficulty unless you 
remember that it tends to roll in the opposite 
direction of the lay. A right-lay wire rope, for 
example, tends to roll to the left. 

Closely observe figure 1 l-53i which shows 
drum winding diagrams for selection of the 
proper lay of rope. When putting wire rope onto 
a drum, you should have no trouble if you are 
familiar with the methods of overwinding and 
underwinding shown in the illustration. When 
wire rope is mn off one reel onto another reelj 
or onto a winch or drum, it should be run from 
TOP TO TOP or from BOTTOM TO BOTTOM, 
as shown in figure 1 1-54* 

If a wire rope should form a LOOPj never 
try to pull it out by putting strain on either part. 
As soon as a loop is noticed, uncross the ends by 
pushing them apart, (See step 1 in fig. 11-55*) 
This reverses the process that started the loop. 
Now, turn the bent portion over and place it on 
your knee or some firm object md push 
downward until the loop straightens out 
somewhat. Then lay it on a flat surface and 
pound it smooth with a wooden mallet. 

If a heavy strain has been put on a wire rope 
with a KINK in it, the rope can no longer be 
trusted. Cut out the kinked part and have the 
ends spliced together by the Steelworkers or 
replace the wire rope altogether. 



RfiL RfiL 

DRUM ^..-^ DRUM 
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Figure 11-54*^Transferring wire from Fitl to drutfi* 




Figure 11>55.-The correct way tstaka out a loop in 
Yiim rope. 



Whenever possible^ drumSj sheaves, and 
blocks used with wire rope should be placed so 
as to avoid REVERSE or S-shaped BENDS. 
Reverse bends cause an unnecesiary amount of 
shifting of the individual wires and strandSi 
increasing wear and fatigue. Where a reverse 
bend is neceiiary, the drums and blocks 
affecting the reversal should be of larger 
diameter than that ordinarily used and should be 
spaced as far apart as possible. 

It is not possible to prescribe an absolute 
minimum size of WIRE ROPE SHEAVES, owing 
to the number of factors involved. Experience 
has shown, however, that the diameter of a 
sheave should NEVER BE LESS THAN 20 
TIMES THE DIAMETER OF THE WIRE ROPE. 
An exception to this is 6 x 37 wire, for vvhich a 
smaller sheave can be used because of the peater 
flexibility of this wire rope, TTie itifferthe wire 
ropCs the larger the sheave diameter required. 

Great care is exercised in the manufacture of 
wire rope to lay each wire in the strand and each 
strand in the rope under uniform tension, If the 
ends of the rope are not secured properly^ the 
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Flgurf 11^88. ^Putting a niiirtg on vn/ire ropa. 



oripnal balance of teniion will be disturbed and 
maximum seme© will not be obtained, bacausa 
soma strands will OBTry a greater portiofl of the 
load than others, Bafora CUTTING steel wire 
rope, placi three sets of SEIZING on each side 
of the point where the rope is to be cut. A rule 
of thumb for detemiining the ilEep number, and 
dlstanea batwaan seiiings Is as follow: 

1 X the diamstir for the width of th© seizing 

2 X the diameter for the distance between 
seizinp 

3 X the diameter for the number of ieizings 



For peitnanent seizings the seizing wire 
should be inserted tlirough the wire rope and 
then laid along in the valley between itrandi for 
the widlli of the seizing, Then turns are taken 
back toward the remaining end. 

To make a temporary wire rope seizings 
wind on the seizing wire unifomily, using 
tension on the wire. After taking the required 
number of turns, as In step 1 in figure 11-56, 
twist the ends of the wires counterclockwise by 
hand, so that the twisted portion of the wires is 
near the middle of the seizing, as in step 2. 
Grasp ends with nippers or suitable pliers and 
twist up slack as in step 3. Do not try to tighten 
seizing by twisting. Draw up on leizing as in step 
4. Again twist up the slacks as In step 5. Repeat 
steps 4 and 5 if necessary, Cut ends and pc nd 
them down on the rope as in step 6, If che 
seizing is to be permanent, or If the rope is 1-5/8 
inches or more in diameter, use a serving bar or 
iron to increase tension on the seizing wire when 
putting on the turns. 

Wire rope can be cut successfully by a 
number of methods. One effective yet simple 
method is that of using a hammer-type wire rope 
cutter. (See fig. 1 USi^ (Remember that all wire 
must be seized before it is cut,) For best results 
in using this method, place the rope in the 
bottom of the cutter, as illustrated, so that the 
blade comes between the two central seizings. 
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Figure 1 l-S7.-=Himinshtype wirs ropi cuMr. 
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With the blade down against the rope at the 
location of the cut, strike the top of the blade 
sharply several times with a sledge hammer, 

Wire rope can be cut eailly with a hydraulic 
wire rope cutter. This device works basically like 
a hydraulic jack; au you pump the handle, a 
cutter savers the wire rope, 

Bolt cutters are only suitable for cutting 
uire of fairly small diameter, but the cutting 
torch will cut wire of any diameter, Other 
gutting tools include the hacksaw and cold 
chisglj but with them the cutting operation is 
slower and more difncult. 

Wire rope bending around winch drums and 
sheaves will wear like any other metal. 
Deterioration caused by corrosion is more 
dangefous than that caused by wear, simply 
because corrosion commonly affects the inside 
wires which makes it more difficult to detect by 
inspection. Deterioration caused by wear can be 
detected by examining the outside wires of the 
wire rope, because these wires become flattened 
and reduced in diameter as the wire rope weare. 
Any wire rope in which the outside wires are 
worn to less than 75 per^nt of their original 
diameter should be replaced. 

Both internal and external lubrication are 
required to protect a wire rope against wear and 
coiTOsioji. Internal lubrication can be properly 
applied only when Che wre rope is being 
minufactured, and manufacturers customarily 
coit every wire with a rust-inhibiting lubricant 
as it is laid into the strand. The core Is also 
lubricated in the course of the manufacturing 
progeis. 

^ Lubrication applied in the field is designed 
not only to maintain surface lubrication^ but 
also to prevent the loss of internal lubrication. 
The Navy issues a gear oil which is called OIL, 
GEAR, EXPOSED, HOT, an aiphaltic petroleum 
oil which must be heated before using, ^e oil is 
issued in 5-lb cans, 35Mb pails, and In 120-lb 
drums. It can be applied by drawing the wire 
rope through a trough containing hot lubricant 
as showTi in figure 11-58. Frequency of 
ipplication dapends upon service Gonditions^ as 
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Figure 1 1^58.— Method of flild tubrloation. 



soon as the last coating has appreciably 
deteriorated, it should be renewed. 

As a safety precaution, always wipe off any 
ejccess oil when iubricatlng wire rope. Too much 
lubricant is liable to get into brakes or clutches, 
causing them to faiL While in use, thy motion of 
machinery may sling excess oil about, making 
surfaces, such as catwalks, unsafe to work on. 
Never lubricate wire rope that comes in contact 
with soils, 'nie lubricant will pick up fine 
particles of soil that tend to damage the mm 
rope because they are abraiive. 

WIRE ROPE ATTACHMENTS 

Many attachments can be fitted to the ends 
of wire rope so that it can be connected to other 
wire ropes, pad eyes, or equipment. The 
attachment used most frequently to attach dead 
ends of wire ropes to pad eyes or similar fittings 
on earth'-movlng rigs is the WEDGE SOCKET 
ihown m figure 1 1-59. Th^ socket is applied to 
tfie end of the wire rope as shown in the figure. 
Reraove iflie pin and knogk out the wedge first. 
TTien pass the wire rope up throu^it the socket 
and lead enou^ of it back throu^ the socket to 
allow at le^t 2 inches of the dead end to eixtend 
below the socket upon completing the 
attachment, as ihowm in figure 11-60, Next, 
replace the wedge, and haul on the dead and of 
the wire rope until the bight closes around the 
wedge as shown in figure 11-60, Astraiii on the 
standing part will tighten the wedge. A great 
advantage of flie wedge socket is the feet that to 
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Figure 11<59.->Pani of a wedge socket 
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Figure 11^80. ^W@dg€ socket attached pr@peffy. 




remove it you need only to drive out the wedge, 
It should be notad, however, that the strength of 
a wedge^typi socket Is such that the overall 
strength of a rope having a socket attachment is 
reduced by about one-third. The safe working 
load of the rope niuit, of course^ also be reduced 
accordingly* 

TTii best method for attaching a closed or 
open socket is by speltering, The term 
SPELTERINrG means to attach the socket to the 
wire rope by pouring hot line, (See fig. 1 1-6L) 
Forged steel ipeltered sockets are as strong as 
the wire rope itself, and are required on all 
cranes that are used primarily for lifting 
penonneli as well as for lifting ammunition, 
acidSj and other extremely dangerous materials. 
Cranes lifting foodstuff and other general 
supplies may use forged steel wedge or swaged 
sockets. 

A comjnon method of making an eye in the 
end of a wirm rope Is by the use of WIRE ROPE 
CLIPS like those shown in figure 11-62. The 
U^hapid part of the clip, with the threaded 
endij is called the U-BOLT; the other part is 
called the SADDLE (OR RODDLE), The saddle 
is stamped with the diameter of the wire rope 
the clip nt AJways place a cUp with the 
U-bolt on the dead endj not on the standing part 
of the wire rope. If clips are attached 
incoiTectlyj the Uve end of the wire rope will be 
distorted or will have mashed spots, 
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Following is a simple formula for wire rope 
clips: 

3 X i>dm ropo dianietyr + 1 * Number of cllpa 

6 X wifs ropo dianictef -* Spacing betwaen clips 

Another type wire rope clip is th© 
TWIN^BASE clip shown in figure 1 1^63. Both 
parti of this clip art shaped to fit the wire rope; 
consaquently, the clip canjiot be put on wrong 
and it is less damaging to wire rope than the 
U-bolt clip. 

It also allows for a ctear 360 de|ree swing 
with the wrench whan the nuts aw being 
tightened. When an eye is made In a wire rope, 
the metal fitting called a THIMBLE is usually 
placed in the eye, as shown in figure 1 to 
protect the eye against wear. 

After the eye made with clipi has received 
an initia] heavy strain, the nuts on the cUpi niust 
be re tightened. Periodic cheeks ihould be made 
afterwards for tightness^ and also for damage to 
the rope that inight be caused by the clips. 




HEAVY-DUTY AIR 
COMPRESSORS 

In the Naval ConstrucMon Force, 
compressed air Is used to innate tirii^ to spray 
paint, to ojierate pneumatic tools, to clean 
equipment, to perfomi various Jobs around 
maintenance shops, to furnish air for underwater 
divers, and to supply power for drilUng 
equipment. 

A compresior is a machine for compressing 
air from an mitial intake pressure to a lil^ier 
exhaust pressure through reduction in volume. It 
condsts of a driving unit, a compressor unit, and 
their accessories. The driving unit provides 
power to operate the compressor and is 
normally a diesel engine. Compressors used by 
the Naval Construction Force are slightly 
different from cammercial models. Even thou^ 
manufactured by drfferent companici, most 
com pressors are quite similar. They are governed 
by a pressure control system which Is adjusted 
to compress air to a maximum pressure of 100 
pounds per square inch, ^le compressor unit 
may be of reciprocating, rotary, or screw design. 

COMPRESSOR DESIGN 

The construction of reciprocating 
compressor is similar to that of an automobile 
engine. They may be air or liquid cooled. As the 
piston moves up and down, air flows Into the 
cylinder through the one-way intake valve (fig. 
1 h64). 

As the piston moves upward the intake valve 
closes and the trapped air is compressid until it 
exceeds the pressure within the collecting 
manifold, at wluch time the discharge valve 
opens and the compressed air is forced into the 
air manifold. / 

The reciprocating compreisor is nomally 
connected to an engine through a direct 
coupling or a clutch. TTie engine and compressor 
are separate units. 

Rotary compressors have a num^r of vmes 
held captive in slots in the rotor Md sliding in 
and out of the slots. Figure 1 1-65 ihowsaji end 
view of the vanes in the slots. ITie rotor revolves 
about the center of of its shaft which is offset 
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INTAKI DISCHARGE 



Figure 11 ^84. --Intake and cQmprassion strokes in a reaii^ 
roGiting cdrnpressof* 

from the center of the pump casing. Centrifugal 
force actirig on the rotating vanes maintains 
^dping contact between the edge of the vanes 
and the pump casing. This feature causes the 
vanes to slide in and out of their slots when the 



rotor is turning. Notice the variation in the 
clearance between the vanes and the bottoni of 
the slots as the rotor revolves. The vanes divide 
the crescent«ihapid space, between the offset 
rotor and the pump casing, into compartments 
which increase^ and then decrease^ in size as the 
rotor rotatei. Thus, free air enters each 
compartment as successive vanes pass across the 
air intake; the air is carried around in each 
compartment and is discharged at a higher 
pressure due to the decreasing size (volume) of 
the moving compartments as they progress from 
one end to the other of the crescent shaped 
space. Tlie compreisor is lubricated by oil 
circulating throughout the unit. All oil is 
removed from the air by an oil separator before 
the compressed air leaves the service valves. 

The screw compressors are direct-drive, 
single stage machines, v^ith two mgged, precisely 
matched spiral-grooved rotors (fig. 11-66). Tlie 
rotors provide positive-displacement internal 
compression, smoothly and without surging. Oil 
is injected between the rotors to cool the air and 
seal against slip losses. The oil that lixes with 
the Bit during compression passes into the 
receiver-separator, where it is removed and 
returned to the oil cooler. 




FIgum 1 1-OS^-^Compreision ^ete in rotai^ compressor. 
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11-6S,--CompriSilofi eyclg in ^rew eompressor. 



timperaturej or when my of the protective 
safety circuits develop a malfunction. 

Other features that may be observed in the 
operation of air com pressors is a governor 
syitem whereby the engine speed ii reduced 
when less than full air delivery is used. An 
engine and compresiion control system prevents 
excessive buildup in the receiver, 

Air compressors^ leclprocatirig, rotary and 
screw, are classed as either single stage or 
multistage. In a single stage compressor there is 
but one compressing element wUch compresses 
the air from the initial intake pressure to the 
final discharge pressure in one step. In the 
multistage machine there is more than one 
compressing element. TTie first stage comprasses 
the air to an intermediate pressure, thence to 
one or more additional stages to be compressed 
to final discharge pressure. The multistage 
system is more efficient than the single stages, 
thus reducing a premature buildup of pressure 
due to temperature, 

Intercoolers 

When air is compressed, heat is generated. 
This heat causes the air to expand, thus 
necessitating an increase in the power required 
for further compression. If this heat is 
iucceisfully removed between stages of 
cornpression, the total power required for 
additional compression may he reduced by as 
much as 15 percent. In multistage reciprocating 
CQmpressors, this heat is removed by means of 
intercoolers, which are heat exchangers placed 
between each compression stage. Rotary air 
compressors are cooled by oil and do not use 
intercoolers, 

Aftircoolei^ 



All large volume compressojrs have 
protection devices that will shut them down 
autoniatically when the enpne oil pressure drops 
below a certain point, when the engine coolant 
rises above a certain temperature, when the 
compressor discharge rises above a certain 



It is obvious that the presence of water or 
moisture in an air transmbsion line is not 
deslmble. The water is carried along throu^ the 
line into the tool where the water washes away 
the lubricating oil thus causing the tool to run 
sluggishly and incriases maintenance. The effect 
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is particulaiy pronounced in the case of high 
speed tools where the wearing surfaces are 
limited In size and exceisive wear 
reduces efficiency by creating Intemal air 
leakage. Further problems may result from the 
decrease in temperature caused by the ludden 
expansion of air at the tool* TTus low 
temperature creates condensation which freezes 
around the valves, ports, and outlets, Tlus 
condition obviously Impaiii the operational 
efficiency of the tool and cannot be allowed, 
The most satisfactory means of minimizing these 
conditions is the removal of the moisture from 
the air immediately after compression and 
before the air enters the distribution system. 
Tills may be accomplished in reciprocating 
compressors through use of an aftercooler wliich 
is an air radiator that transfers heat from the 
compressed air to the atmosphere, Tlie 
aftercooler reduces the temperature of the 
compressed air to the condensation point where 
most of the moisture is removed. Cooling the air 
not only eliminates the difficulties which 
moisture causes at points where air is used, but 
also Insures better distribution, 

Receivers 

"Hie receiver tank is of welded steel 
construction and is installed on the discharge 
side of the compressor, It acts as a surge tank as 
well as a condensation chamber for the removal 
of oil and water vapors, It stores enou^ air 
during operation to actuate the pressure control 
system, and is fitted with at least one semce 
valvej a drain or blow-down valve, and a safety 
valve, 

Pre^ure Control System 

All military construction compressors are 
governed by a pressure control unit. In a 
reciprocating compressor the pressure control 
system causes the engine to idle and the suction 
valves to remain open when the pressure rtaches 
a set maximum, thus making the compressor 
unit iiioperative, Witn the air pressure drops 
below a set minimum, the pressure control unit 
causes the engine to increase speed and the 



suction valves to close, thus resuming the 
compression cycle, Tlie rotary compressor 
output is governed by varying the engine speed, 
Tlie engine will operate at the speed required to 
compress enough air to supply the demand at a 
fairly constant pressure, When the engine has 
slowed to idling speed as a result of low demand, 
a valve throttles the amount of free air which 
may enter the compressor, 

TTie screw compressor output is governed by 
automatic control which provides smooth* 
stepless capacity regulation from full load to no 
load in response to the demand for air. From a 
full load down to no load is accomplished by a 
floating-speed engine control in combination 
with the variable^nlet compressor. 



AIR COMPRESSOR 
MAJNTENANCE 

Tlie Worthington portable air compressor 
shown in figure 1 1-67 is representative of rotary 
compressors that have single stages and sliding 
vane rotors, Th\% compressor has several built-in 
features that make it easy to maintain. Tliese 
include an automatic blowdown valve for 
releasing air pressure when the engine is stopped; 
a means for draining moisture that accumulates 
in the receiver tank; a drain cock (fig, 1 1-68) at 
the bottom of the compressor suction control 
and engine speed control; a drain cock on the 
piping at the bottom of the oil storage tank; an 
air cleaner service indicator (fig, 1 U69) to show 
when the filter needs changing; and a demister, 
or special filter that separates lubricating oil 
from compressed air, 

The operation of a rotary air compressor 
should be free of trouble if it is maintained and 
serviced properly. Your main concerns in taking 
care of the compressor are keeping the air and 
lubricating oil clean and adjusting the pneumatic 
controls (fig. 1 1-68). 

AIR CLEANER SERVICING 

The ^r cleaner contains a two-stage^ dry 
filter element that is replaced when dirty. It is 
time to change the filter when a red band 
appears in the sight glass of the air cleaner 
service indicator. If you can see this band while 



393 



CONSTRUCTIOW MECHANIC 3 & 2 



DIAPHRAGM CHAMglR 



COMPRESSOR 



BLOW DOWN VALVE 




Pigure 11*i8*-Neumatia Qontrola* 



iis^aaox 



PNEUMATIC CONTEOLS 
SERVICING AND ADJUSTMENT 

Sarvidng the conipressof controls is Umited 
to lubricition of the linkage that connects the 
engine throttle to the speed control and the 
sugtion control valve shaft. However, they have 
to be adjusted occasionally. 

Speed Control 

The speed control is adjusted for either 
maximum or minimum speed. Since the 
cornpressor operates at the iame speed as the 
anpnes this control limits the operating speeds 
of the anpne and compressor. The spring 



attached to the speed control lever tries to hold 
the engine at high idle. Air pressure from the 
receiver tank acting on the diaphragm inside the 
speed control counteracts spring tension and 
causes the lever to move against the lovr-speed 
stop screw. Any drop In air pressure within the 
receiver allows the spring's tension to move the 
lever and increase the engine speed enough to 
provide the desired quantity of air. The 
increased speed dso maintmns a stable pressure 
In the receiver* Whm la^e volumes of air are 
used, or the service valves are fully open, low air 
pressure at the diaphragm permits the spring to 
hold the lever against the high idle stop screw. 
TTie only other maintenance needed on the 
speed control is replacement of the dlaphrgam. 
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Figurt 11'8d.--Alf clinnor. 



Suation Control 

TTie sUGtion control valvar located at the 
comprissor Inletj regulates the amount of air 
entering the compressor, "niis valve, together 
mth the compressor speed control^ varies the 
output of the compressor from minimum to 
maximum volume, Air pressure acting on the 
suction control diaphragm causes the shaft and 
throttle valve to vary the opening to the 
compressor. TTiis valve closes when the air 
pressure in the receiver is at maximum or 100 
psi. Failure of this valve to close when engine 
speed is reduced to idle \\ill stall the en^ne. 

This failure Is sometimes caused by a 
sticking suction control valve. If it sticks but the 
throttle valve remains open or falls to seal the 



opening, remove the intake body containing the 
throttle valve, Disassemble the valve and replace 
any faulty components. Make sure you cover the 
compressor Inlet after removing the intake body 
to keep out any foreign matter, Carefully 
inspect the throttle plate and diaphragm for 
damage, Tliese parts are not repairable and must 
be replaced when faulty. When reassemblingi 
insure that the connections in the Intake piping 
are tight and leak free. 

THERMOSTAT REPLACEMENT 

An overheated compressor will 
automatically shut down the engine, A 
thermostat located in the piping near the oil 
filter regulates the flow of oil to the cooler and 
insures adequate cooling, If the thermostat is 
defective, replace It. 

DISASSEMBLY 

Lubrication of the compressor is provided 
by pressure through oriflces in the compressor 
body and end plates. Poor lubrication of the 
compressor causes overheating of the discharge 
air from the compressor. The compressor must 
be partially disassembled to inspect for faulty 
lubrication. In disassembling the compressor^ 
follow the instructions given in the 
manufacturer's service manuah Access to the 
compressor is through an end plate which must 
be removed. The vanes can then be withdrawn 
and the compressor housing inspected. A slightly 
scored housing can be cleaned up and the unit 
will function nomally. If heavily scoreds the 
housing must be replaced. AlsOj examine the 
vanes for wear, thickness^ and length. Replace 
them if they don*t measure up to the 
manufacturer's speciflaations. While the 
compressor is disassembled , clean out the 
orifices to insure the vanes will get enough oil 
while the compressor is operating. 
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CHAPTER 12 

AAAINTINANCE 



MiintananQe is the ca^e exircisad aiid the 
work perfomed to retain vahiclis and 
equipment in safe and semceable operating 
condition during their normal serviae life. The 
puipose of the Navy-s maintenance program is 
to effact economy and dependability in the use 
of aquipment and to insure continuity of 
operation. It is not intended that vehicles be 
maintained in a likf-new condition duririg this 
period. 

In this chapter we ¥/llI discus maintenance 
from an organizational viewpoint^ dealing 
priniarily with maintenance administration and 
maintenance suppoTt. Lubrication, one of the 
most important phases of a sound maintenance 
program, wjll also be discussed. 



MAINTENANCE ADMmiSTRATION 

Adrninistrative guidelines concerning 
equipment mainterimca at peimanent shore 
activities are contained in NAVFAC PJOOj 
Mamgement of Transportation Equipment. 
Guidelines for all units of the Naval 
Construction Force (NCF) are contained In the 
NOW Equipment Mamgiment Manual, NAVFAC 
P404. 

CATEGORIES OF MAINTENANCE 

Tliere are three categories ot levels of 
maintenance presently used in tiie GvU 
Englnearing Support Equipment (CESE) 
maintinance system: ORGANIZATIONAL, 
INTIRMEDIATE, and DEPOT. The ^pe of 
repairs performed is ditennined by the nature of 
ttie lepair; the amount of support available 
(spare parts, tools, peisonnel, and so qn); and 



the tactical situation, An actlvity-s range of 
repair parts support is keyed to the authorized 
level of maintenance. The four different levels of 
repair parts support that can be assipied are 
describedMn the Maintenance Support section of 
this chapter. 

Orianizational Maintenance 

Organizational maintinance normally 
consists of proper opentor's maintenance, 
safety and serviceability inspections, 
lubrications, minor adjustments, and services. 
Activities accomplishing only organizational 
maintenance will nomally be provided with 
organizational (**O'0 level repair parts support. 
Organizational maintenance Is divided into 
operator and preventive maintenance. 

OPERATOR'S MAINTENANCE is that 
malntenanca required by an oparator to keep his 
assi^ed equipment in a clean, safe and 
serviceable condition, 

PRE\^NnVE MAINTENANCE is that 
maintenance which is scheduled vdth the main 
objective of reducing equipment downtime and 
minecessary repaid. Preventive maintenance 
(PM) normally consists of lubrication and minor 
Services, md adjustments beyond the scope of 
thc^e required under operator's maintenance, 
TTie operator assipied to the equipment being 
PM'ed should always give a hand unless 
^eclflcally directed otherMse. 

Intermediate Maintenance 

Intermediate maintenance Is the 
responsibility of, and is perfornied in, a mobUe, 
semimobile, permMients or semipermanent 
maintenance shop, "nie extent of intermediate 
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maintenance encompasses all repairs up to and 
including overhaul of individual assemblies^ 
su basieniblieij and components. However^ 
extensive repair or rebuilding of major 
assemblies should not be attempted on 
equipment wthout prior approval of higher 
authority* Intermediate maintenance requires a 
higher degree of skill than organisational 
maintenance and is authorized a larger 
assortment of repair parts and more precision 
tools and testing equipment. 

Depot Maintenance 

Depot maintenance is performed on 
equipment requiring major overhaul or 
comprehensive restoration that will return the 
piece of equipment to a like new condition. 
Depot level maintenance employs production 
Une and assembly line methods whenever 
practical. Activities assipied depot level 
maintenance wll assist acti^dties assipied the 
lower categories of maintenance wherever 
possible. 

Normally, as a CM3 or CM2, you will only 
be concerned with organizational and 
intermediate maintenance* Most of the 
SEABEE's depot maintenance is performed by 
overhaul facilities located at Port Hueneme, 
California and Gulfporti Mississippi. 

MAINTENANCE SCHEDUUNG 

Hie only type of maintenance that can be 
performed on a regular schedule is Preventive 
Maintenance. A dynamic PM propam wll 
reduce equipment downtime and prevent 
unexpected equipment failure. PM scheduling 
provides a balanced shop workload, thus 
reducing the size of the work force required, 
Once an activity-s PM schedule has been 
^tnhlivjhcdj only the maintenance su^rvisor can 
authorize deTOtlons, The PM scheming system 
used in the NCF is tiia system we will discuss. 
The standard interval between PM*s is 40 
working days. 

PM Grou^ 

PM poups are scheduling units, into which 
all of an activity's equipment is evenly 



^stributed. Each item of CESE must be assipied 
to at least one PM group. The equipment should 
be distributed evenly throughout the 40 PM 
groups, so that a minimum number of slrnllar 
pieces of equipment are out of service at any 
one time. The normal pouping would work like 
this; If there are 10 dump tmcks within the 
inventory, one should be a^ipied to every 
fourth PM group; if there are four \\^ter 
diitributorSs assipi one to every tenth PM poup, 
and so on, The equipment should be grouped so 
that units which normally work together are 
scheduled for PM together; for example^ 
semitrailers mth truck tractors, scrapeis with 
tractorSs and so on. Activities should initially 
assign each piece of equipment to one PM group* 
After the system is established and operating, 
the maintenance supervisor should review its 
effectiveness and REDUCE the time intervals for 
certain pieces of equipment if necessary. 

NOTE: The time interval is NEVER 
INCREASED beyond 40 work days. 

Preventive Maintenance Scheduling 

A Preventive Maintenance inspection 
schedule, such as that shown in figure 12-1^ is 
established by the PM clerk annually. A new 
schedule is required each year as the schedules 
are based on the workdays in each calendar year. 
The workdays on the schedule must correspond 
to the unit's actual workdays; i.e., if you work a 
6-day week, enter 6 days; omit holidays. The PM 
groupi are numbered vertically down the flist 
column. Figure 12-*1 depicts the standard 40 PM 
^oup concept arranged for a S-day workweek. 
The dates of the workdays of January ^e then 
listed consecutively in the Januaiy colunin. 
After Januaty's last workday is entered, 
continue wth Febmary's workdays in the 
February column, and so forth. After 
completion, the schedule show the workdays 
on which each PM ffoup is due for inspection. 
For example, fl^re 12-1 show PM p"oup S is 
due on Januarys, M^ch6, Mayl, June 27, 
Au^st 23, October 23, and Deceniber 19. 

MAINTENANCE INSPECnONS 

The objective of maintenance inspections is 
to keep equipment in a safe and serviceable 
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condition at all times by detecting minor 
deficiincies before they develop into costly 
major repain* 

Op^ator's Inspectioni 

The flrst sign of vehicle trouble is usually 
datacted by the oparator during one of his three 
inspectioni : before, during, and after 
operations. 

The BEFORE OPERATION inipectlon 
consists of the operator's inspecting and 



sernclni the items listed on the Operator's Daily 
PM Report, NAVFAC 11260/4 (flg. 12^2) for 
construction equipment and the Operator's 
Inspection Guide and Trouble Report, NAVFAC 
9^1 1 240/1 3 (fig. 12»3) for automotive 
equipment. If a defect is diicovered, the 
equipment SHOULD NOT BE OPERATED. The 
defect must be reported to the dispatcher, who 
in turn report it to the maintenance sactiort* 
The DURING OPERATION inspection 
consists of the operator's using his sense of 
smellj sights and touch to detect improper 
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months or 6000 miles, whichiver occurs fmt In 
addition to the above requiremintSj it is a good 
practice to ©ve every vehicli in the ihop a safety 
inspection before it ii turned out, TWs should h& 
included in the inspection conducted at 
icheduled maintenance lervices. Some of the 
more Important items to be inspected are listed 
below: 



Brakes • Test to determine if the 

brakes are functioning 
properly. 

* Check the brake pedal free 
travel as required, 

• Remove the ri^t front brake 
drum; inspect it for wear or 
cracking; inspect the lining 
for excessive wear; check the 
wheel cylindeis for leaks and 
deterioration (to be 
performed aRnually and/or as 
required to comply with state 
and local inspection 
regulations), 
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Figura lM*^pifaf©r's inspeetidn Guide and Trouble 
Rspon, NAVFAO 9^11240/13. 



operation. If a defect is i^scovered during 
operation, the equipment should be lecured and 
the problem reported to hii supervisor or the 
dispatcher. 

The AFTER OPERATION inspection 
consists of the operator's looldng over the 
equipment as he performs the eitabllshed 
shutdown procedures and reporting any defects 
to the dispatcher. 

Safety Inspectioiis 

The Navy requires tiiat each motor vehicle 
receive a safity mipection at least once w^ry 6 



Lights 



40i 



• Check the fluid level and aij 
the hydraulic brake lines for 
leaks. 



On airbrake systems inspect 
the airbrake accessories md 
all air lines and air tanks for 
ieaics and deterioration; check 
the airbrake instrument 
controls and air valves. 



Check all the lights^ sieialSj 
and reflectors* 



m Check the condition of the 
trailir jumper cable. 

• Check the headlighti for 
proper allnement. 
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Instruments^ i 
Controls, 
and Wiming 
Devices 



Exhaust 
Systim 



Stiarijig 
System 

Seat Belts 



Fifth Wheal 
and Trailer 



Tires 



Windshiald 

Glass and 
Difroste^ 



Check ail the instruments, 
g age s s m I rr ors, s wtches, 
controls, hornSs and warning 
devices for proper 
functioning and damage* 



Check the muffler, exhauit, 
and tailpipes and all 
connections for leaks* 



Check all steering devices and 
linkage for wear and damage. 

Check all safety ^ belts for 
wiar and proper mounting. 

Check the operation of the 
fifth wheel mounting bolts or 
clamps and safety lock. 
Qieck the tmiler kingpin for 
wear or damage. 

Cheek all the tir^s for damage 
and excess wean 

Remove and replace all tires 
with 1/16 of an Inch or less 
of tread. Check the whe^l lug 
nuts for tightness. 

Check the Wipers, ^ass, and 
defroster for proper 
operation, wear, damagei and 
detirioration- 



Type "A** PM Inspections 



Type *'A** PM*s are scheduled at intefvals of 
40 working dayis reprdless of usage. This type 
of Inspection is performed until the equipment 
quaUQ^ for i type '*B-*. These inipections are 
particularly critjcal on low uiage ©quipment, 
such as equjpniant on a standby status to insure 
toat it does not deteriorate. Type "A'' PM's 
consist primarily of safety md seniceability 



inspactions and are performed by utiliziiig the 
appropriate portions of tppendix II or III. 

Ty^ "B** PM Inspections 

Type **B*' PM's are performed at intervals of 
2000 miles, 120 houn, or after two consecutive 
"A" PM*i. Type ''B'* inspections are more 
detailed than type "A" inspections and are 
performed utilizing the appropriste portions of 
appendix II or III. 

Type "C" PM Inspection 

Type "C'* PM*s will be performed as 
determined by the maintenance supervisor, It is 
his duty to insure that the waivering of "C" PM 
requirements will increase equipment availability 
wthaut sacrfflcing equipment condition* Type 
"C"' PM's are very comprehensive inspections 
and will be performed by utHiiing all items of 
appendix 11 oriny as appropriate* 

DaadUne Inspections 

Deaffline inspections are particularly critical 
to insure that equipment does not deteriorate. 
Deadline inspections may be performed at each 
regularly scheduled PM due data or more 
fraquently, if so determined by the maintenance 
supervisor. As a minlm'Um, deadline inspections 
insure that: all openinp are covered and 
weathertight^ all machine surfaces are preserved; 
all . disassambled components are tagged, 
covered^ md stored; and no cannibalization 
(jemmti of components) has taken place since 
the iasi inspection. Deadline inspections should 
include any possible cycluig (checking 
coraponents for proper operation) of the 
dea^ined item; i,e,, if a truck is down for an 
axle you can still start the enpne and insuye that 
it runs If cycling is accomplished, insure 
that all required represervation is acGomplished, 
Equipment is considered deadlined when It will 
not perform as designed or is in need of parts 
which are not on hand. 

PM RECORD CARDS 

A Preventive Maintenance Record Card, 
NAVDOCKS 1 949, must be accurately 
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maliitained for each Item of assigned equipment 
(See figure 12-4j A PM ricord card on a 
particular vehicle will contain the vehicle's 
prevantiva maintanance history in chronologcal 
order and nicissary information to osist the PM 
dark in preparing Equipment Repair Orders. 
NAVDOCKS 1949 cards are maintained in PM 
poup sequence in a separate file, Equipment 
assigned to more than one PM group have a 
dummy PM record card filed In the extra PM 
poup (or groups). The PM clerk records the 
following information on the PM record card 
from completed PM Equipment Repair Orders: 
type of PM service performed, date it was 
performed, and accumulative miles/hours. 
Engine oil or filter changes are indicated 
by entering or "F/C*'. PM record 

cards are returned to the appropfiate 
equipment history Jacket when the vehicle is 
transferred. 



REPAIR ORDERS 

The Navy uses repair orders to specify, 
authorize, and control repaiii on all 
USN-numbered equipment. The repair orders 
also serve as a reporting document from which 
information can be extracted to provide an 
activity with a complite picture of how their 
maintenance pro^m is doing and also provide 
complete hi storical cost and utilization 
^formation for aach piece of CESE equipment 
Therefore, the information contained on repair 
orders must be naatj complete, and accurate. 
This cannot be overemphasized. 

Shop Repair Orde^ 

The shop repair order (SRO) and its 
Mntinuation sheat (fig. 12-5 and 12^6) are used 
rnainly In Public Works activities. The SRO is a 



LAST 
§ 



LAST 



DATt 



qUMULATlVC 
MiLEA&I OR 



9-7^ M 3 7/ 



MiUEl (OR HRi) 



MILES f OR 
RIWRTffl FOR. 
6 MP. PiRlGD 



} ENTRIES 
F^QM 
PRIOR 




m 



MILiASi on 
QfH.. 



7_ 
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MtLES (OR MRS) 

reporteo for 
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Figure 12-5.^ShQp Rapair Drdtor (SRO). 



thrae-part snapoiat sat. It is requiirad aach time 
labor in excess of 0.3 hf or material is gxpendad 
on a piace of USN-niiniberadl equipinent* 
Instwctions for using Xtm SRO are containad in 
the NAVFAC P-SOO mMUah 



Equdpnent Rtpalr Ordw 



The Equlpmant Rapair Order (ERO) (fig. 
12*7 and 12-8) was desiftiid for use by all 
SEABEE units. The ERO is t%m sola authority to 
f^rform work on CESE, reprdless of the 



location of the equipment, in the field or in the 
shop. An ERO is prepared by the unit for each 
pif ce of equipment every time labor or materials 
are appended on any of the types of work listed 
below: 

L Type "A" Prevantive Mamtenance 

2. Type "B-- Preventive Maintenance 

3. Type "C'' Preventiva Maintenanee 

4. Recaipt inspections (acceptanoe and 
BEEFs) 

5* Deadline cycling or praservilion of 
equipment 

6. Repairs performed in the field (intarim) 
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Figiir© ia>6.-Shop Ripajr Ordir eontinuation iheet. 



7. Rapiiis performid because of a driver's 
report (interim) 

8. Warraiity 

9. Rework 
10, Accident 

Every week NCF units forward all 
jleted whiti copies of ERO's to the Naval 
Fa duties Ejipnaaring Commarid, FaGilitles 
System OfTice (FACSO), FACSO extracts and 
compiles informitlaii contained in the heavily 
outlined blocks of the ERO (% 12-7). For thii 
reason the accumoy and completaness of the 
information [n these sections cannot be 
overstt^sed, FACSO uses this Informttlon to 



produce the Field Maintenance Report (FMR). 
This monthly report provides the maintenance 
super\isor with a detailed overview of how his 
shops are performing. ERO*s containing 
incomplete or Incorrect entries in the heavily 
outlined blocks are rejected. CESO maintenance; 
division monitoii rejected ERO*s to insure that 
they are resubmitted. Complete instructloni oil 
the use of ERO's can be found in the NCF 
Equipment Mamgemmt Manual, P404. 

Control of ERO*s is required to prevent 
having two or three ERO's open for the same 
piece of equipment. Figure 12-9 shows a sample 
of an ERO lo^ Your activity may use a variation 
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DRIVE TRAIN 




D2J 


Clutch, Main Drive 




D26 


Ciut^fConirol/Pruni 




D27 


Minua 1 Tfansintsaion 


■iiidlin {\Eniir 


D28 


Auto/pQWfr Shift Transmission 




D29 


Am^my Tmnsmlslson 




D30 


Tfansfer CmijfomT Dmdm 




D3i 


Dtm ihaftsAi'Jomfs 


Re^ir for Blo^k 


D32 


DiffifenUals 


PwutyBilofi and Siorage Maintinanct 


D33 


Drive Axles 


WiFfanty 


034 


Final Drive/Planetafies 




D35 


Powff Tak^fT 


Accident 


D36 


Drive Belts/Chains 


Shipping Inip^ilon (CED) 


D37 


Torque Convefier 


SurveiUanae Inspection (CED) 


D38 


Other 


Opeffational Test CCED) 








ENGINE 



01 
02 
03 
04 
01 
06 
07 
08 
09 
10 

it 

12 
13 
14 
II 



EUN CnONAL COPES CBLOCK 45) 
SERVICES 

OIX Lubrlcillon 

20K Drain Rsf HI En^ne OU 

□3X Enilne Oil Filter 

23X Change Oil S. Filltrs (loth 

aoXsndOSX) 
04K Fuel Filtefs gnd Scriani 
SOX Drain & RifBI Tfansmision Oil 
06X Tnmfmissioit Flltors 
56% Ch^ngt Oil S. Fillers (Both 

SOX md 06 X) 
70X Driin 4 Hefiil Hydraulic OU 
08X Hydraulic Fillers ^ Screens 
7tX Chlngi Oil & Filters (Both 

70X and 08X) 
09X Drain & Rinil Diffefential/ 

Final Drive Oil/Filttrs 
lOX Air acancf/Filter 
I IX Battery Service/Reeharp 
12X Cleaning 
i3X 

I4X Other 
ATTA Qg^CENTS 

API ^?riCh/PCU 

A02 Backhoe 

A03 fioom 

A04 Buckets/Blades/Edges 

AOS Shceves/Pulleys/Wire Ropt 

A06 Augers 

AO 7 Othef 

BRAKfiS 

B09 tlnings/Diiks/nafes/Bands 

BiO Dnims/RotDrs 

B 1 1 Sinking Plate/Ca ms/Callpgf s 

B12 ltesfs/Lln€S/Fip€s/Fittin|S 

B13 Misier/Wheel Cylinder 

Bi4 Chimbefs/Dtephrapni 

BIS Hydrovac/VacyumPump 

Bli ViJvei, Govemsfs, Tink 

BI7 Parking/Hand Brake 

BIS duller 



Sl^FEFjSlON 



E40 
E41 
E42 
E43 
E44 
E4S 
E46 
E49 
ESQ 

FUEL 



Eriglne Assyj Oal 
Engint Assy, Diesel 
Engine Assy, Am 
Air Intake Syiteni 

BlQweri/Supercharps/TurbdChargers 
Exhaust Systeitt 
Emission Contfol System 
Cooling iyitem 
Other 



C20 
C21 

C23 



Spftngs 

Shock Absorbers 

iars/Rodi 

Other 



FS2 Fue! System 

FJ3 FuelTransfef Fump 

F54 Fuel Injfctloii Pump 

FSS )fnjictors/NoE3^les 

F56 Carburetor 

F57 Gov/Throtile Controls 

F5S Other 

HYDRAULIC 

H60 Pump 

H6I Preimire Control VaJvei 
H62 Operatiiii Valvei 
H€3 Cylinders 
Hfi4 Motors 

H6I HDies/LlnM/Wpes/FlttlriMi 

H65 AccumuUtors/Tanks 

H67 Oiher 

ELECTRICAL 

J69 Replace Battery 

J70 Replace Speedomeiei/Hourtneter 

J7I Charging System 

J 72 Cranking System 

J73 Ughting/Wliing System 

J74 Eieeuical Conttdli/Panils 

J 75 Ignitian System 

J76 lnstrumenti/Gi|e« 

n? Generators, Pewer/Welding 

j?8 Electric Drive Motors 

J79 Electronic Circuits 

J 80 Other 

BODY AND FRAME 

K82 ^b/Sheet Metal 

K83 Body/Bed 

K84 Cuihions/S^is/Cinvai/Bowi/Sidericks 

K85 PaJntlng/Mafkini ' 

K86 Frame/Mast 

K87 Bumper/Cuard/tiftini Devi^ 

K88 Fifth Mieel/Trtt HHch/Towini Hook 

K19 Outr%gers/Laftdinf Ctat 

Kgn Other 



STEERING SYSTEM 

N?2 Adjmtments/Wieei/Allgnniem 

m% Steering Wheel/Box 

N94 Steefing Brakei/Clutches 

N9S Linkages/Tie Rods/Etc. 

N96 BaU Jolnls/King Pini 

N9 7 Power SteDring Pu mp/Beii 

N9S Steering Cylindef/Hoios 

N99 Other ^ 

PNEUMATIC 

POI Cylinders 

f02 Compressors 

P03 Separitori/Fiiters 

P04 Drifters 

POi l^oiofs 

POfi Hoses/ Lines/Pi pes/FIt tings 

P07 Controls 

P08 Receiveri/Oilers 

P09 Other 

SAFETY EQIIIPMFNT 

Sll Fire Ij^tiiiquishcr 

SI 2 Mitrors/Reneetofi 

S13 Windshield Wipers 

il4 Mud Flaps/Guards/ihioids 

SIS Glaas/ Windshield 

SIS Horn 

SIT Other 

PRODUCT TRANSFER 

Tl 9 Asphalt Pump 

T20 Water/Mud Pump 

T2I Refueling Pump 

T2t Concfete Puiiip 

T23 Conveyer Belt/Bucket/Screw 

T24 Other 

HEATERA^ ENTILATING SYSTEM. 

V2 Alphalt/Tank Heater 

V27 Water Hiater/Defrostir 

V28 Agitegate Heater 

V29 S^eed Heater 

V30 Aif Condiiloning 

V3i Other 

WHEELS/TRACKS 

W33 Wiieels/Rims 

W34 Tirei/Tubes 

W3I Baaflnp/Scals/Packinii 

W36 Hub Assy/Stydl/Nuts 

W37 RQUeri/ldlefi/SproeketSL 

W38 Track Ffame/Cttafds 

W39 RaUi/Pins/Grousers 

W40 Track Adjuster/ A^cumuJator 

W4i Other 

pRQDUenOfij EQUIPMENT 

243 Jiwi/j^amwer MUli 

Z44 RoDs/Liners/Conwives 

Z4S Screens 

E46 Mixers 

Z4? Dryers 

E48 Screed 

Z49 Scales/MetefS 

ZSO Coilector 

ZJl nther 



Fi»Jre 12 a-iqulprntnt Repair Ordtr (IRO) NAVFAC 11200/41 (back). 
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Figure 12-9«-^rtiple eROtog. 



of this log but it should contain the same basic 
information. The typ^s of information ginerally 
called for are: 

1, ERO number (locaUy assigned six-digit 
number* The first two dipti denote the month 
of the year; the last four digiti aisign jobs In 
saquencei starting with number 000 L) 

2, Equipment cost code 

3, USN number 

4, Type ERO (type of maintenance 
performed) 

5, Data in (date ERo forwarded to 
inspector) 

6, Date out (date ERO returned, work 
completed) 

7, Remarks (datte deadlined and so on) 
This log is normally maintained by the PM clerk, 

EQUIPMENT HISTORY JACKETS 

An equipment history jacket is maintained 
for each USN-numlNred item of CESE, The 
history Jacket contains the vehicle's pertinent 
descriptive data and mtintenance history. The 
descriptive data includes the appropriate DOD 
Property Record, DD Fonri 1342 (% 12-10) 
and Equipment Attachment Repstration 
Record, NAVFAC 6-11200/45 (flg- 12-11), If 
appliQable. TTie maintenance history Jacket also 



includes the completed PM record cards and 
yellow copies of Gompleted ERO's, 

Periodically, each history jacket should be 
purifled by reviewing all repair ordei^ and 
discarding those of a minor inexpensive nature 
that have been retained a minimum of 90 days. 
ERO's relating to acceptance checks, "C" PM*s, 
accidenti, speedometer/hour meter replacement, 
and major repairs are retained in the history 
jacket for the life of the equipment. When a 
vehicle is transferred, the PM record card is 
removed from the PM poup flla and returned to 
the history Jacket, The jacket is then either 
hand-carried or forwarded by certified mail to 
the receiving custodian. Vfhm a vehicle is 
trans fwed to a Property Disposal Offlcej the 
history jacket accompanies it 

MAINTENANCE ORGANIZAnON 

The organization of an equipment 
maintenance section varies depending upon 
several factor, including: number and type of 
ass^ad equipment j number and experience of 
pereonnels work houn, number of shifts, 
environmental conditions, and the activity*s 
mission^ The organization we will discuss is 
based upon a typical Naval Mobile Construction 
Battalion operation, but the functions are 
equally applicable to small activities where one 
person may be required to perform several 
functions* 
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DOD PROPERTY RiOTRD 



4, qsMMQBiTy deoi 



S. STSei^NUMSEPI 



14, NAME Of MANU^AeruBiW 



SecTlON iNVeNTQBY RieOftn 



Fof m Approved 



29. pISCfllFTIpN AND dAFAEITV 



AVAikAliLiTY NUMitR 



18. NANuFAetunifi'i modei, ns. 



17. MANUFACTURgft'SiEfliAi. NQ* 



33. ASSB N5, 



Ner^EPpwtn 



as: Piitas NT tseAnQN 



fLiCTRlCALCHARACTiHlifi^ 



eSNtiNUiBON REVEteeiipi □vfi Qno 



typi ANB F^AMi NMMilR 



iiCtlOi^ ll ^iNSFeCTlON rIcord 



58*. BiPie igbNTRPL NS, 



3a. "TIM il STSniD *N5 MAiNTAtNf B ON SftE 



fWo ^WH i « H E B U i LT/i3 VI RH AU Li Sr ^ 1 1 



jg NOT IjigUAlVuNDgH HIMAWBS lEi DM. 



AlliJWlTAkkATIgN INSTHUeTiSNS AvAl kMLE FpPi tj^ANStf ft? 



AHieptHAjrtNa INSTRUeTl9N3 AyAlLASL,! FdR f RANf FgRf 



WASlTlM LAST USiB QN A F|NiSN(NS 3^1 RATIONS 



^ ^JJl^ ?l^lf^*i*^* WITNOUT OAMAQE TB COMFj^ 
41. iSiTiMINBFiHAILieBNDiTtSN? 



ii. Must ITEM fli REf Amfo/_qiBujLT/aV£R 



44. fi2|>y|""**--^^^?^«^*^5'^«CMA«!SMS InWoR^ 
OHOiH? ifwD B^lgjg Wl a E U N BE B_H tM A B Ij j B EL Q WW 



4B. HVpHAUWie FUM1^; VALVE5 ANB Fi tTINES QpES ATt^fl" 



4?. *Jf _Et>eTRQM!C SYSTEMS ANB EONtRQLi Qi^ER&Tlluei 



INQICATE PATi ITiM WILL BE 
_AVAtLABLE_Fgj HE&igTBjgoTlSM. 



i7, CSNOlttQN gapi. 



Sj, BFiRATtNQTESTC@Si< 



SiCTlQN til ^Ri^VjARKS 



M. €6N3IQNII INAMi ANS ADBSflS. JNeUuBINa ZipcSeir 



SiCTION IV-PiSPC^ITlON RiCORp 



HEMAHgS eSNTiNUEB gN WiyERge It BE fjl yga Q 



Sfli typE QF BlSP^ITlSW 

Qi^NATisN nBiSTMuetfeN 



AN5BNMENT 



SJ, VAUBATiSN jTVpiB NAMiilf ANB ■IsNaTU PI||3iJ 



SiCTlQN V' VALlPAfiON RiCQRP 



DD,K^^ 1342 



PAivipus iDiTioNs OP ©D r^a^M iMt arm obs^ete ^ ----- J 
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EQUIPMENT* ATTACHMENT REGISTRATION RECORD 
HAVFAC J-liaOO/H5 (1-70) »/N ^io»-e«.Mo» 


' II. NAyFiC jg 


1. ATrACHMiMT CODE 




ATTACKMt«T 








i, HdBtl HQ, 




S. KftOW (Inekttf 




S. *lOrH flnthn) 


■J, HEISIT f/Sf*«lj 


CuiEi 








TO. MAMllF ACTUKEn (/<»" 






i i , ifEi^T {Li } 


11' FIN 


1 J. SHOUT OfSCRI^TION 
^ tCUL 1 « ro : 




) 3 HQDEi. 


iS^ TEAM 



17. ACCt»50«ft» 



18. ASSiGNCO TO 


19. DATC RiCiiviB 


2D, ^CQUiSiTlON COST 


21, JUi.|A« DATE 


11, NAVFAC 10 NO. 






RtglSfCSGD 
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1 1 1 
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Figure 12-11.-Equipinent AttMhrnent Rtgiitrition Record, NAVFAC 6-11200/45. 
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Maintenance Supervisor 

The maintenance supervisor is normally the 
senior mechanic assigned to an activity. The 
maintenance supervisor is responsible for the 
entire maintenance program for all aligned 
CESE. One duty is to oversee ttie shop 
supervisors, inspectors, PM and cost control 
clerks, technical librarian and parts expedites. 
Additional responsibilities include: 

1. Enforcing all established maintinance 
policies established by higher authority. 

2. Approving all repair actions prior to stwt 
of work. 

3. Approving all requisitions for the 
procurement of material. (May be deleptad to 
shop supervisors). 

4. Controlling all CESE transfers and 
disposals. 



5. Superviiing the Preventive Maintenanca 
program, 

6* Controlling all maintinance shop tools 
md Idti. 

Shop Supernsoii 

The typical NMCB maintenanca orpnization 
is divided into three shops: Automotlva (Auto or 
Light) Shop, Construction Eqmpment (Heavy) 
Shop, and Support Shop, Each shop is 
super^sed by a shop supeniior, who is 
responsible for the mechanic and the quality of 
maintananca and repaid parformed within the 
shop. As the title implies, the auto shop is 
reiponsible for automotive type CESE and small 
Matarials-Handling Equipment (MHE), 
Occasiondlyi the auto shop may work on tmnsit 
mixers, water/^plmlt distributor, md 5000 
series aquipmant, (The 50(M series equipment 



397 



411 



CONSTRUCTION MECHANIC 3 & 2 



has an Equipment Cost Code and USN number 
starting with the dipt "5'% The heavy shop is 
responsible for large MHE and construction 
iquipment. Additionally, the heavy shop 
supervlior normally acts as the field 
maintenance superviior. The support shops 
consist of all the separate supporting facilities, 
such as: machine shop, tire shop, steel 
(welding/body) shop, battery (electrical) shop, 
injection shop, and occasionally, lubrication 
facilities and the 5000 shop* 



Leader 



The crew leader makes sure the job gets 
done. When assigned a job, the crew leader must 
figure out which member of the crew will do the 
work, the tools and repair parts required, what 
special safety precautions must be observed, and 
the priority of the job. Once a job is assigned, 
it's the crew leader's "baby". The crew leader is 
also responsible for insuring that the crew's time 
is reported, that all materials used on the job are 
recorded, and that any additional repairs that 
may be required are reported to the supervisor. 

Inspectors 

Inspectors physically examine the 
aquipment and determine the repaire and type 
of services required. They normally work 
directly for maintenance supervisors, and are 
directly responsible to them. It is important that 
the inspectors be mechanics who are extremely 
knowledgeable and proficient in their rating. 
The inspectors must be able to clearly and 
concisely describe each required repair action on 
the ERO's. It is of the utmost importance that 
all required work be listed. After all repairs have 
been completed, inspectors will nonnally inspect 
each piece of equipment to insure that the work 
was correctly accomplished. Comprehensive 
final Inspections will greatly reduce equipment 
being returned to the shop for rework, incre^e 
equipment reliability, and in turn reduce the 
mechanic's workload. Inspectors may perform 
some minor repair work, which Is nomdly vety 
limited and pertains to inspection procedures 
only. Whenever suspected equipment abuse or 
recurring mechanical failures are discovered, 



inspectors should notify the maintenance, 
supervisor immediately. 

PM Qerk 

PM clerks control the unlt-s Preventive 
Maintenance prop-am as prescribed by the 
maintenance supervisor. They compile all CESE 
into PM groups, prepare the PM schedule, and 
maintain the PM record cards. TTiey also initiate 
and control all ERO's, maintain the ERO log, 
the maintenance supeiYisor's shop workload file, 
and the equipment history jackets. At some 
activities the PM clerk is also responsible for 
maintaining the maintenance office equipment 
status boards. 

Cost Control Clerk 

Cost control clerks maintain the 
maintenance shop's repair parts status and 
accountability records. They provide liaison 
between the supply office and the shop. All 
requisitions for Not in Stock (NIS) and Not 
Carried (NC) material must pass through cost 
control clerks, They maintain the Direct 
Turnover (DTO) log and the repair parts 
summary sheets. Cost control clerks control the 
DTO parts storage bins, and maintain the 
deadline status board. 

Technic^ librarian 

Technical librarians are responsible for the 
prepacked Ubimty which consists of operational, 
maintenance and parts manuals. They establish 
and enforce checkout procedures for the 
manuals, and initiate parts requisitions 
(NAVSW I250's). ITie task of researching and 
preparing the 1 250's is normally handled by the 
technical librarian in order to free the floor 
mechanics from an administrative workload. 

LABOR REPORTING 

As a crew leader, you wUl be responsible for 
keeping a record of your crew's daily labor. 
Figure 12-12 show the different iubcategories 
of labor. Fi^re 12-13 shows one type of daily 
labor report fonn. These forms mpy vao^ from 
one activity to another, but the infomiation is 
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PRODUCTIVE LABOR, Productive labor includes all labor that directly contributgs to the 
accomplishment of the Nawl Mobile Conitruction Battalion, including construction operations 
and readiness, disaster recovery operations, and training* 

DIRECT LABOR. This category includes all labor expended directly on assigned construction 
taskij either in the field or in the shop, and which contributes directly to the completion of 
the end product, 

INDIRECT LABOR. This category comprisis labor required to support construction operations, 
but which does not produa in itself. Indirect labor reporting codes are as follows: 



XOl Construction Equipment Maintenance, 

Repair and Records 
X02 Operation and Enpneering 
X03 Project Supervision 
X04 Project Expediting (Shop Planners) 



X05 Location Moving 
X06 Project Material Support 
X07 Tool and Spare Parts Issue 
XOS Other 



MILITARY OPERATIONS AND READINESS. TTiis category comprises all manpower expended 
in actual military opera tions^ unit embarkation, and planning and preparations necessary to 
insure unit military and mobility readiness. Reporting codes are as follows: 



MOl Military Operations 
M02 Military Security 
M03 Embarkation 
M04 Unit Movement 



M05 Mobility Preparation 
M06 Contingency 
M07 Military Administrative 
Functions 



M08 Mobility & Defense 

Exercise 
M09 Other 



DISASTER CONTROL OPERATIONS 



DOl Disaster Control Operations D02 Disaster Control Exercise 

TRAINING. This category includei attendance at service schools, factory and Industrial training 
courses, flee t type training, and short courses, military training, and organized training conducted 
within the battalion. Reporting codes are as follows: 

TOl T&chnical Training T03 Disaster Control Training T05 Safety Training 

T02 Military Training T04 Leadership Training T06 Training Administration 

OVERHEAD LABOR, This category includes labor which must be performed regardless of 
whether a mission is assigned, and which does not contribute to the assipied misiion. Reporting 
codes are as follows: 



YOl Administrative & Personnel Y08 Leave & Liberty 

Y02 Medical & Dental Department Y09 Sickcall, Dental & 
Y03 Navy Exchange and Special Services Hospitalization 

Y04 Supply & Disbui^ing YIO Personal Affairs 

Y05 Commissary Yl 1 Lost Time 

Y06 Camp Upkeep & Repairs Y12 TAD not for unit 

Y07 Security Y13 Other 



Figuro 12*12.^SubsittgQrliS of labor. 
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baiically the same, Naarly all mechanics' labor 
falls under Indiract labor. One point to keep in 
mind is that only overhead labor does not 
contribute to productive labofp Time cards 
should always have a paison-i rate listed after 
the name in order to figure labor cost. 

MAINTENANCE SUPPORT 

The tools, consumables and spare parts 
needed to support your unit's equipment 
allowance are all portions of maintefiance 
support The supply de^tment is responsible 
for providirig these items. 

In a battalion, the supply department Is 
under the control of the senior supply officer 
who is assisted by a ^ief Storekeeper, The 
supply section (S4) is responsibla for general 
supply^ ship service* material control, and 
delivery. TTie material control section is 
fesponsible for ordering, receiving, and 
controlling aU tools, materii and repair parts. 



So, you CM see that S4 has a big job. Keep tUs 
in mind when you feel that they should drop 
averything just to wait on you. 

REPAIR PARTS SUPPORT 

All mechanics expect that repair parts will 
be available when needed and rightly so. It is the 
job of your unites supply organization to make 
sure you get the parts you need. However, 
supply cannot satisfactorily perfonn its support 
mission without the help of maintenance 
personnel Mechanics should understand the 
repair parts supply system and make sure that 
supply knows what you need and when you 
need it* Telling supply you need a 
"whatchamacallit" for a jeep Mil not get you 
anything, but give them the proper 
nomenclature and a good part number and they 
can get the part for you. Normally at least one 
mechsmic \dll be assipied to the repair parts 
storeroom to provide technic^ infomation and 
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aisistance. The cost control clerk normally 
provides liaison with supply for checking 
requisition status. The maintenance supervisor 
will assist supply in determining additional 
repair parts requirements. The criteria 
established by the Chief of Naval Operations for 
initial parts support of new or like-new 
equipment is based on two 10-hour shifts, 7 
days per week, for the first 90 days of 
operation. 

Livtls of Support 

There are four different levels of repair parts 
support (O, G, H or D) that can be assigned to a 
unit, depending upon Its mission, location, 
maintenance capabilitieSj and so on. 

The **0" LEVEL support is designed for 
SEABEE teams, Construction Base units 
(CBU's), Reserve battalions and outlying 
NMCB"S which normally perform only 
organizational level of maintenance. The ''G" 
LEVEL support is desipied for NMCB/PHIBCB 
major detachments that perform intermediate 
level maintenance. The "H'' LEVEL support is 
desipied for main bodies of NMCB/PHIBCB that 
perform intermediate level maintenance. The 
"D" LEVEL support is designed for major shops 
that perform depot level maintenance. Each 
level of support (except "'O", of course) includes 
all lower level items; for example, "H'" level 
includes aU ^*0'' and *'G^' level items. 

Categoric of Repair Parts 

Repair parts can be divided into two 
categories: parts peculiar and parts common. 

The REPAIR PARTS PECULIAR category 
is composed of parts which only fit a specific 
make and model piece of equipment Wien a 
unit requests support for an allowance of 
equipment^ CESO identifies the applicable 
Allowance Parts Lists (APL's) for each make and 
model of equipment in the allowance* Using the 
APL*s that are identlfled by CESO, Ships Parts 
Control Center (SPCC) consolidates these APL*s 
into a tailored repair parts list. This list is 
normally refenred to as a Consolidated SEABEE 
Allowance List (COSAL) or a NA VSUP Modifier 
Coda 98 (MOD 98 kit). CESO provides copies of 
the COSAL to both the requesting unit and the 
Construction Battalion Center (CBC) which 



supports it The CBC is then responsible for 
drawing the required items from stock or 
initiating procurement action and shipping the 
parts to the unit which requested the allowance. 

The REPAIR PARTS COMMON allowance 
is composed of common and consumable 
supplies that can be used on numerous types of 
equipment. These items have been separated 
into parts common assemblies (MOD 97 kit) to 
reduce redundancy and overstocking of these 
items that would occur if they were listed in 
each separate APL. Presently the MOD 97 kit 
consists of 22 individual kits, such as: hydraulic 
hose and fittings, nuts and bolts, electrical 
terminals and wire, **0-' rinp, and so on. MOD 
97 kits are designed to supplement MOD 98 kits 
for the first 90 days or 1800 construction hours 
of a contingency operation. It must be 
remembered that MOD 97 kits are not desipied 
to support a unit for a full deployment 

COSAL Arrangement 

Each COSAL is arranged and divided into 
three separate parts. PART I consists of 
cross= reference lists which are used to determine 
which APL applies to which USN number. In 
addition^ these lists contain equipment 
descriptions. Part I is composed of three 
separate cross-reference lists, each containing the 
same information, but sorted and printed in 
different sequences. Section A is printed in USN 
number sequencej Section B is in Equipment 
Cost Code (ECC) sequence^ and section C in 
APL number sequence. 

PART II consists of APL's which are the 
actual parts listinp. The APL's are sorted and 
arranged in numerical sequence. Within each 
APL, the parts are arranged by Component 
Identification groups (CID's). Figure 12-14 
shows the CID groups presently being utilized 
by the NCF. The fiiit CID is always the 
allowance application ffoup. The second poup 
is the technical manual poup which lists all the 
applicable opera tijig, maintenancej and parts 
manuals. The remainder of the APL is the actual 
parts listing. 

PART III consists of a Stock Number 
Sequence List (SNSL) and two repdr parts 
cross-reference lists. The SNSL lists the repair 
partSj arranged in National Item Identification 
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CID Group Name 



CID Group Name 



000 Anowance Application Group (Gp) 0'*3 
OTM Technical Manual Gp 044 

001 Engine Gp 045 

002 Truck Engine Gp 046 

003 Starting Englnt Gp 047 

004 Auxiliary Engine Gp 048 

005 Clutch Gp 049 

006 Fuel System Gp 050 

007 Exhaust Systan Gp 051 

008 Cooling Systtm Gp 052 

009 Electrical System Gp 053 

010 Transmission Gp 054 

011 Auxiliary Transmission Gp 055 

012 Power Transfer Gp 056 

013 Propeller Shaft Gp 057 

014 Front Axle Gp 058 

015 Rear Axle Gp 059 

016 Brakes Qp 060 

017 Wheels Gp 061 

018 Tracks Gp 062 

019 Steering Gp " 063 

020 Frame Gp 064 

021 Springs/Shock Absorbers Gp 065 

022 Body, Cab, Hood. Hull Gp 066 

023 Hoists Gp 067 

024 Power Control Unit Gp 068 

025 Power Take Off Gp 069 

026 Miscellaneous Body Gp 070 

027 Elevator Gp 071 

028 Electric Motors Gp 072 

029 Electric Generators Gp 073 

030 Electrical Equipment Gp 074 

031 Hydraulic Systems Gp 075 

032 Air and Vacuum Systems Gp 076 

033 Gage and Measuring Devices Gp 077 

034 Pneumatic Equipment Gp 078 

035 Pump Gp 079 

036 Burner Gp 080 

037 Mach Tools/Related Equip Gp 081 

038 Snow Ranoval Equipment Gp 082 

039 Mowing/ Sweeping Equipment Gp 083 

040 Servicing Equipnent Gp 085 

041 Concrete/ Asphalt Equipment Gp 086 

042 Crane/and/or Shovel Gp 087 



Grader Gp 
Dozer Gp 

Ditcher or Trencher Gp 
Road Roller Gp 

Earth Auger Truck Mounted Gp 
Conveying Equipment Gp 
Crushing Equlpnient Gp 
Screening/Washing Equip. Gp 
Fire Fighting Equipment Gp 
Refrlgeratlon/Acng Gp 
MMK Gp 
Separator Gp 
Running Gear Gp 
Manifold Gp 
Tank Gp 
Trailer Gp 
Flood Light 6p 
Filter or Strainer Gp 
Chlorine Control Gp 
Evaporating Gp 
Water Fording Gp 
Machinery Gp 
Laundry Equipment Gp 
Winterization Gp 
Bobsled Gp 
Dolly Gp 

Generator Lox S Nitrogen Gp 
Steam Cleaning Gp 
Spraying Equipment Gp 
Saw Gp 

Distillation Equipment Gp 

Heater Gp (Gas or Fuel) 

Blower Gp 

Boiler Gp 

Pile Driver Gp 

Water Purification Gp 

Reel Gp 

Scraper Gp 

Ripper 6p 

Outboard Drive Gp 

Rotary Tiller Soil Stabnizer 

Drill Equipment (Pneu) Gp 

Dehydrator Gp 

Remote Control Gp 



PIgura 12-34,-Compantnt idmifiMtlon group mimbart (CID'i) 
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Number (NUN) lequence, which were provided 
in the COSAL to support the assigned level of 
support. The SNSL also Usts all tiie APL 
numbers each part is stocked for, the unit price, 
and the total COSAL qumtity, ITie first Ust 
crosses manufacturer's part number to NSN, ^e 
second list crosses NSN, in NIIN sequence, to 
part numben Part III is not a master 
gross-reference; if the number you are 
researching Is not Included in the COSALj it wUl 
not be in these lists. 

Technical Manuals 

One key to any effective equipment 
maintenance program is the availability of 
authoritative technical data and guides for each 
unique item of equipment. Within the NCF, this 
information is supplied through the appropriate 
operator manuals, lubrication chMts, parts 
manuals and shop repdr manuals, ^niese 
Technical Manuals C^'s) are Included In each 
unit*s parts peculiar COSAL. The quantity of 
TM*s is determined by the same methods used 
for repair parts. In general, this results in the 
following number of TM's being provided : one 
copy for each piece of equipment of the same 
make and model assigned to the unit; two copies 



for two to four pieces of the same make and 
model; three copies for five to eight pieces of 
the same make and model; and four copies for 
more than eight of the same make and model 
equipment. 

Maintenance of Manuals 

All NCF units are responsible for 
maintaining, in good condition and in the proper 
quantities, all TM*s listed in their COSAL. It is 
important for units to maintain inventory 
control of TM's throutfi the use of periodic 
inventories, checkout procedures, and so on, b.b 
replacement manuals are normally hard to 
obtain. Manuals in excess of COSAL quantities 
must be retumed to CBC, Port Hueneme, 
Califomia. TM's that are lost, damaged, 
womout, or otherwise unierviceable, may be 
replaced by submission of funded requisitions to 
the appropriate CBC. 

REQUESTING SPARE PARTS 

A NAVSUP Form 1250, Sin^e Line Item 
Consumption/Management Document, is shown 
In figure 12-15. ITiis form is used as 
authorization for drawing parts and requesting 
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requisition of Not In Stock (NIS) or Not Carriad 
(NC) items from supply, ^nii 1 250 is a five-^part 
snap set with copies colored white (original), 
p^en, red, yeliow and buff (hard back). It is not 
a purchase docuinent and does not leave the 
command, The form may be filled out with 
either a baJlpoint pen or a typewriter, Confuaon 
between the number zero and the letter '*0" can 
be avoided by using the communication symbol 
(0) for zero. The 1250 must be signed by the 
maintenance supervisor or desipiated 
representative when requesting spare parts. 
Remember that when you request a part, it Is 
your responsibility to iniure that the right part 
is ordered. So, get the correct information on 
the 1 250. 

USING PART NUMBERS 

In order for you to identify what part you 
needs you wll have to use part numbers. TTiere 
are two types of part numbers you will be 
concerned with: manufacturer's numbeis and 
national stock numbers. 

Manufacturer's Part Numbei^ 

Manufacturer's part numbers are those used 
by the manufacturer of a piece of equipment to 
identify each part on that piece of equipment. 
These part numbers are usually a combination of 
letters and numbers or all numbers. 

Nitional Stock Numbers 

Effective September, 1974, the United 
States agreed to replace its federal stock 
numbering system with a new 13-dipt system 
which conforms to the NATO stock numbering 
fomat. This new system is knovm as the 
NATIONAL STOCK NUMBER (NSN) system. 
The 13-d^t NSN is broken down into two 
major groups. The first 4 dlats of the NSN is the 
Federal Supply Classification (FSC) which 
groups similar items into classes. The last 9 di^ts 
of the NSN is the National Item Identification 
Number (NnN). ITie flmt 2 di^ts in the NUN 
identifies the NATO country wluch cataloged 
the item, and the last 7 dipts identifies the item, 



As pointed out above, NSN numbers provide 
you with the federal class of the item (first 4 
digits), what country cataloged the item (digits 5 
and 6), and the item's identification number 
(last 7 digits). 

Part III of the COSAL is the section used to 
cross-reference manufacturer's part numbers to 
NSN'i. 

REPAIR PARTS CONTROL 

Each maintenance department is required to 
maintain control over spare parts. One of the 
biggest problems in some maintenance sections 
is the control of Direct Turnover (DTO) spare 
parts, DTO parts are those ordered for direct 
turnover to the user. 

If the DTO parts records are to be complete 
and accurate, all NAVSUP 1250's for NIS and 
NC repair parts must pass through the cost 
control clerk before being submitted to the 
supply office. The supply office maintains 
current procurement and shipping status for all 
items on order. Wien requesting the status of a 
requisition from supply^ cost control clerks must 
be able to identify , by requisition number, 
which procurement document they are 
interested in. Accurate DTO parts records 
accomplish this and allow the cost control clerk 
to identify the USN-numbered equipment each 
part was ordered for, The DTO repair parts 
status'keeplng system which we will cover 
provides excallent accountability with a 
minimum of effort. This system consists of two 
separate records designed to be used 
together-the DTO log md the repair parts 
summaty sheets. It is unimportant whether these 
records are kept in the fomi of a book^ a 
looseleaf binder, on cards, or some other form. 

DTO Log 

The DTO log (fig. 12-16) is a record of all 
NIS and NC requisitions submitted to the unit 
supply, It is maintained in such a way that the 
last NAVSUP 1250 entered is the last parts 
request submitted to the supply office, This tells 
the cost control clerk when the requisitions were 
submitted to supply. Normally^ supply should 
order priority **A*' requisitions within 24 hours 
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Fl^ri 12-16.-Direet Turn Over (DTO) Log. 



and priority **B'' and ''C** fequliitions within 7 Column (2) 
days. After acQompliihing all ordering actions 
and issuing a procurement document, supply 
antars the requisition number in block B of the 
1250 and returns the red copy to the cost 
control clerk. If the supply office seems to be 
taking excess time, the cost control clerk should 
Tequest the status of the 1250. TTiis should 
normally be an informd check to determine if 
tha requisition or the 1250 red copy has been 
lost or misfiled. The DTO log will provide a 
cross index between the requisition number, the Column (3) 
department order number, and the USN 
number* This cross-re ferenca allows the cost 
control clerk to determine the appropriate USN 
numbar for which a part was ordered. TTils is 
invaluable for folio wup actions in the event of 
lost or misfiled requisitions, lost or missing 
shipping documents, partial or duplicate parts 
shipments, and so forth, ITie columns required 
to maintain an affective DTO log are listed and 
explained below; 

Column (1) Department Order 
Numbar-The internal control 
number assigned to each 1 250 
submitted to the unit supply, 
numbered in sequence starting 
with 000 h This column is Column (5) 
maintained in such a way that 
the l^t 1250 entered is the last 
part ordered. The cost control 
clerk also enters the 
department order number in Column (6) 
Block 2 of the 1250 before 
sending it to supply. 



Julian Date-The date the 1250 
was iubmltted to supply. This 
is also entered on the 1 250 in 
Block L The Julian date is a 
four-digit number. TTie first 
digit indicates the year, and the 
last three digits indicate the 
day of the year. For example^ 
February 10, 1978, would be 
written: 8041. 

PM Group-nie PM group that 
the appropriate USN number is 
assigned to. 



NOTE: TTiis Information is obtainable 
elsewhere, most notably here because several 
sections of the DTO status-keeping system are 
arraiged in PM group sequence, such as repair 
part summary sheets, preparation of PM ERO's, 
DTO parts storage bins, and so on. 



Column (4) 



USN Number-The USN 
ragstration number of the 
vehicle the part was ordered 
for, as shown in block 29oftha 
1250. 

NSN Number--TTie NSN part 
number of the ordered item as 
shown in block 21, 22 or block 
29 of the 1250. 

Description— Nomenclature or 
noun name of ordered item as 
shown in block 8 of the 1250. 
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Column (7) Quantity— How many were 
oitiered, as shown In block 25 
of the 1250. TTiis antiy is very 
helpful for identifying partii 
shipmenti. 

Column (8) Priority-Urgency of need as 
shown in block 3 of the 1250, 

Column (9) Requisition Number— Entered 
when the 1250 red copy is 
returned from supply with the 
requisition number entered in 
block Bi All supply office 
documents are filed by this 
number. 

Column (10) Received -Date the coit 
control clerk processed the 
paperwork showing that the 
ordered parts have been 
received from supply. 



Repair Parts Sumrnary Sheet 

The repair parts summary sheet (fig, 12-17) 
shows all parts on order for each specific vehicle, 
One sheet is maintained for each USN number; 
the summary sheets are normaUy filed in PM 
P^oup order* This is for the convenience of the 
cost control clerk, because the DTO parts bin 
and the PM ERO's are arranged in the same 
order. All PM ERO's pass through the cost 



control clerk to preclude the accidental 
riordering of items. Tliis also allows the cost 
control clerk to attach notification to the ERO 
that parts have been received and are in the DTO 
bin. Summary sheets are used to verify if the 
part is still required and to indicate why the part 
was oripnally ordered. Summary sheets provide 
ready referent for detennining the quantity of 
parts received from a multiple order (i*e., parts 
for an enpne overhaul, deadlined vehicle, and so 
on), When equipment is transferred or disposed 
ofs the summary sheet is used to identify any 
outstanding requisitions so that they may be 
canceled. The HEADING on each repair parts 
summary sheet must show the ECC and USN 
number. 

The columns nonnally required on a repair 
p^s summary sheet are listed and explained 
below: 

Column (1) Julian Date-Date the 1250 
w^ submitted to supply, This 
date is also entered on the 
1250 in block L 



Column (2) Department Order 
Number-The number entered 
in block 2 of 1250 prior to 
submittal to supply. TlUs 
number serves as a cross index 
between the DTO log and the 
summary sheets* 
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Column (3) Requisition Number-Entered 
when ttii 1250 red copy is 
retumid from supply with the 
requisition number entered in 
block 

Column (4) Nomenclature— Deicription or 
noun name of the ordered item 
as shown in block 8 of the 

Column (5) Followup— Dates that the cost 
control clerk requested the 
status from supply. 

Column (6) Received-Date showing when 
the recaiving document for the 
ordered items was processed. 
This column should contain 
enou^ room to allow for 
e xplai ning and cross- 
referencing cancellationSj 
partial shipmentSj reorders^ and 
so forth/ ALWAYS en tar the 
new department order number 
on all reorders. 

The maintenance lupenasor detemiinei and 
assigns priorities for all 12S0's marked NIS or 
NCj and completes blocks 3 and 4. ITie 
maintenance supervisor and/or higher authority 
must approve all 1250*1 for procurement by 
sipilng block 30. All 1250's for NIS or NC 
material must pass through the cost control 
clerk* The cost confrol clerk assigns and enters a 
department order number in block 2 of the 
1 250, in the DTD log, and on the repair parts 
summary sheet. The 1250*s are then submitted 
to the unit supply, and the cost control clerk 
retains the yellow copies, "niese yellow copies 
are filed with the appropriate summwy sheet. 
Supply then coinpletes the ordering actions and 
issues a procupement document. 

Each procurement document is assigned a 
requisition nuniberj consisting of the Unit's 
Identification Code (UIC)i four-digit JuUm date 
and I four-^gt serial numbers by supply. 
Supply enters tWi requidtion num^r in block B 
of the appropriate 1 250 and returns the red 
copy to the cost control clerk. T^e cost control 



clerk enters the requisition number on both the 
DTO log and the summaiy sheet. Th§ red copy 
of the 1 250 is then filed in place of the yellow 
copy, which can then be thrown away* TTie cost 
control clerk keeps up-to-date on the status of 
all parts On order by frequently checking mth 
supply. When supply receives an ordered repair 
partp it is identified by a DOD Single Line Item 
Release Receipt Document, DD 1348-1 (fig. 
12-18). Once a part is receivedj supply will 
forward a copy of the DD Form 1 348-1 to the 
cost control clerk. Because the 1348-1 does not 
normally contain the applicable USN number, 
the cost control clerk must match the 
requisition number with the DTO log to 
determine which USN number the part wis 
ordered for. It must then be determined if the 
part is still required. Questionable items are 
discussed with the maintenance supen^isor. Parts 
that are not required are not stored in the DTO 
bins; they are returned to supply for return to 
stocks return to a CBC, disposal^ and so on, in 
accordance with supply regulations. The cost 
control clerk tap each required repair part with 
the correct USN number, PM group and the red 
1250 copy. He ensures the DTO log and the 
summary sheet are dated, showing the item was 
received. TTie part is stored in the DTO bin and 
the 1348-1 is filed Mth the appropriate 
Summary sheet, '^e summaiy sheet can then be 
Used as a record showing what parts are stored in 
the DTO bins. 

^en a part is issued ^ a line is drawn through 
the received date (column 6) with a yellow 
marker pen showing the part is no longer in the 
bin. If the received part is for a deadlined piece 
of equipment, the maintenance supenisor is 
notified, and determines If enough parts are 
availablf to restart the work on the vehicle. 

Each time an ERO is issued, the cost control 
clerk checks the repair parts summaty sheets to 
determtae if any parts are stored in the DTO bin 
for the USN concerned. If so, the 1348-1 is 
attached to the ERO to alert the shop 
supervisor. Hie ^op supervisor insures that the 
parts afe eitoer utilized or returned to tte unit 
supply, TTie DTO bin for the PM group that was 
worked through the shop yesterday should be 
empty today, as all parts should have been either 
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Figure 12-18.^Slngli Itim Rilaaia Receipt pocuman^ DO 1348-1. 



utlUzad or returned to supply. The only 
exception is when all required parts have not 
bean received for a deadlined vehicle. 



LUBRICATION 

Proper lubrication ii more than merely 
placing a grease pin on a fitting and pulling the 
trigpr. It means selecting the correct lubricmiti 
and applying them in a sufflcient amountj in the 
proper places^ to penetrate vehicle parti 
thoroughly, "^e experienced mechanic uses 
neither too much nor too little lubricants* 

Lubrication^ then, is a thorou^ job of oiling 
and peasing. Your shop will likely carry severd 
Navy approved standard lubricants* Learn their 
spedflcations and nwies. This standardization 
of lubricwts eliminates the variation and 



confuiion In manufacturer's brand names and 
quality desipiations and makes readily available 
a few standard lubricants. 

Familiarize yourself wth the Inipection 
Guides (Appendixes II and IIL) and the 
lubrication chart of the vehicle with which you 
are working. TTie mMUfacturer of each vehicle 
provides a lubrication chart (fig* 12«19). These 
charts show what to lubricate, and where. 

Of courae, you must learn to use greasa guns 
properly, as well as other dispensers of oils and 
grease, 

Remember that ^ease on the outside of a 
fitting does not lubricatej and oil or pease in 
puddles or gobs around the grease rack can cau^ 
serious injuiy* So look for and remove spilled oil 
or pease that drops from chassis parts* Better 
yet, while lubri^ting a piece of equipment, 
remove all ex^ssive grease from the fittings and 
wipe up lubricants that fall to the floor. 
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Lubrleadofi diart for a military dtrignad 2 1/2-ton truck. 
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DISPENSING LUBRICANTS 

Grease guns and dispeniais operate either by 
hand or are air operated. You have probably 
used the hand-operated MUZZLE-LOADER 
type. 'Hie muzzle-loader can be taken apart to 
load it with grease. ITiis type of grease gun, for 
the most part, is used only in places hard to reaeh 
wth a pressure gun^ or in lubricating water 
pumps and other accessoriis requiring a special 
lubricant. Lubricanti used for most chaisis partSj 
however, are forced through the fittings by guns 
operated by air pressure. 

Crankcaie oil is genemlly dispenied vdth 
measured containers or with a hand or air 
operated pum^ng system. Hand or air operated 
systems normally have meten that register the 
amount of oil dispensed. Gear box lubricanti are 
generally dispensed by some type of hand or air 
operated pumping system. Be sure you use the 
ri^t lubricant dispensers. To prevent mistakes^ 
each dispenser is marked to show the grade and 
type of lubricant it contains. 

Before using the lubrication gnn, all fittings 
which are to be lubiicatad MUST be properly 
cleaned to avoid forcing dirt into the bearing. 

The proper technique for using the 
lubrication gun is essentiaL Improper use of the 
gun can damage the hydraulic coupler Jaws and 
can also damage the fltting. Damaged coupler 
jaws will prevent the proper seal with fittings. 
To prevent damage, press the coupler straight 
onto the CLEAN fitting and squeeze the trigger 
slowly and smoothly. 

When using hi^ pressure guns, take care so 
that grease seals will not be damaged. To remove 
the gun, move it up or down or sideways in an 
arc* Do not pull the gun strai^t back from the 
fitting because this will damage the coupler jaws* 

CAUTION: Care must be exercised when 
using a high pressure lube gun on certain lube 
points. Excessive preisure can damage or "blow 
off* the ^ase seis and or dust caps. 

After a vehicle is lubricated, clean and fill 
the grease guns. Then check them to see if they 
are working properly. Next see that they and 
other lubricating equipment are stowed in their 
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proper places. Take an inventor of your tools 
to be sure they are not carried away on the 
vehicle frame or running board, 

Watch for new lubricants and lubrication 
processes, which are being developed 
continually. Technical magazines. Navy 
publications, and your clilef are the best sources 
of uifonnatlon about new developments In 
lubrication* 

CHASSIS LUBRICATION 

Most chassis lubrication fittings are located 
on the front suspension and steering 
mechanisms. 'Hie importance of proper chassis 
lubrication cannot be overstressed. This 
lubrication should always be performed in 
accordance with the manufacturer's lubrication 
charts. 

Some fittings, often referred to as "frozen" 
fittingSj will not readily accept lubricants 
because it is dry and dirty. Some relative motion 
in ttie connection is needed to pennit the 
lubricant to enter the frozen fitting. Rocking the 
vehicle is the usual method of providing this 
relative motion in the coupling. In some extreme 
cases it may be necessary to disassemble the unit 
being greased in order to properly lubricate it. 
NEVER pass up a frozen fitting* 

BODY LUBRICATION 

Cleanliness Is the key to body lubrication* 
Carefully remove any excess lubricant after 
lubrication since the chassis lubrication points 
are located where they can easily collect road 
grit and cause caking. To lubricate the hood, 
apply a few drops of oil on the 
fastene^and-release mechanism, coat the fastener 
pins and hooks with a light application of dry 
stick lubricant, and close the hood* 

Car doors and trunk lids are lubricated by 
applying a drop or two of oil to the door latch 
mechanisms* Also apply a few drops of oil to the 
hinges and swing the door back and forth or 
raise and lower tiie lid to spread the lubricant 
over the contacting surfaces; ^pe off any excess 
lubricant, 
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The door striker assembly is lubricatid by 
applying a light coating of dry stick lubricant to 
all sliding surfaces and a few drops of oil to all 
bearing surfaces. Apply a drop or two of oil 
around the edge of the cylinder face and to the 
outer surface of pushbutton latches and press 
the pushbuttons several times to distribute the 
lubricant. Wipe off any excess oil and lubricMts, 

Never use oil to lubricate locks since it 
collects dust and lint. Inject graphite directly 
into the keyhole and work the lock several times 
to distribute the graphite in the tumbler 
mechanism. 

A dry stick lubricant is best used for sUding 
weather-stripping, surfaces of ashtrays, hinged 
visors, glove compartments, and other hinged 
units within the vehicle. Hinged surfaces outside 
of the vehicle may be lubricated lightly with oiL 
Always remember that the few minutes required 
to oil these various items will, in most cases, be 
well spent because they will probably eliminate 
failure. 

ENGINE AND ENGINE 
ACCESSORY LUBRICATION 

Changing crankcase oil and replacing the oil 
filter are performed in accordance with the 
manufacturer's specifications on automotive 
equipment and at B and C Preventive 
Maintenance services on construction 
equipment. 

The preferred time to drain the crankcase is 
immediately after the engine has been run so 
that the hot oil will drain completely and take 
along the suspended sludge within the hot oiL 

OU Filter Service 

Oil filters remove the physical contaminants 
of the motor oil, but not the chemical. TTiey are 
effective also in removing metal chips, carbon^ 
dust, and grit from the oiL The full-flow type of 
oil filter is integral with the engine. The oil is 
directed under pressure through the filter and 
then to the engine bearings. When the oil is too 
cold to circulate through the filter in flie 
full-flow system, a bypass valve directs the oil 
around the filter element. 
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THROW^AWAY OIL FILTER SERVICE. - 
"nie throw-away type of oil filter is replaced as a 
complete unit. You have to diiconnect the oil 
line fittings at the filter. Detach the filter from its 
bracket and remove the brass fitting from its 
filter housing. TOrow away the filter. Place a 
bolt or plug into the brasi fitting when you are 
removing or installing It. Brass is mdleable 
(easily bent) and may be cruihid by excessive 
wrench pressure. 

SCREW-ON, THROW-AWAY OIL FILTER 
SERVICE.— The screw-on, throw-away type 
filter (flg. 12-20) Is also replaced as a complete 
unit, You unscrew the filter from the base by 
hand and throw the filter away. Wipe the base 
clean with a cloth, place a small amount of 
grease or clean lube oil on the new gasket as an 
added precaution against leakage, and screw a 
new filter onto the baie by hand^ tightening at 
least half a turn after the gasket contacts the 
base, Start the engine md observe the oil 
pressure and check for leaks around the oil 
filter. Stop the engine and add oil to the full 
leveL 

REPLACEABLE ELEMENT OIL FILTER 
SERVICE.-To lervice the replaceable element 
oil filter (fig, 12-21), you remove the fastening 
bolt, lift off the cover or remove the filter shell. 
Remove the gasket and throw it away. When 
removing the oil filter of the full-flow type, 
place a pan under the filter to catch the oiL 
Take out the old element and throw it away, 
Tlirow away the gasket from the top and 
bottom of the center tube if they are present. 
Place a pan under the filter and remove the drain 
plug if the filter is used In the bypass system* 
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DRAIN PLUG 
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Figure 12-21. ^Repl§€iibli elimitit typi filter. 



Clem the inside of tha filter shall and cover. 
Instdl metal supports and a new bottom tube 
gasket* Insert a new element and a new top tube 
gasket. Insert a new cover or housing gasket 
(make sura that the gasket is completaly seated 
in the recess)/ Replace the cover or housing and 
fasten the canter bolt securely. Fill the 
grankcasa to the full mark on the dip stick with 
the proper grade and weight of oil* Start and idle 
the angina/ Oieck the oil pressure immediately 
and inspact the filter for oil leaks. Then stop the 
engine and check the crankcase oil level and add 
oil to the full mark, "nia final step in the 
procedure is to ma^k the mileage on the sticker 
so that the alamant of the oil filter will be 
replaced at the proper interval* 

Cleaner &rviae 

Air claaners filter out the dust and grit 
partiGles from the air being taken into the fuel 
system* TTia three types of air cleaners used by 



the Navy are the oil bath, wire gauze, and dry 
type. Air cleaners should be servlcad in 
accordance with the manufacturers' 
spaciflcations on automotive equipment and at 
each B and C inspection on constmction and 
allied equipment; more often if operating in 
dusty areas, 

All oil bath cleaners are serviced In a similar 
manner. You remove and disaisemble the unit. 
On some models, the element and resen^oir are 
all you will need to remove. Wash the filter 
element in solvent until it is thoroughly clean. 
Shake the excess solvent from the filter element 
and dry it In the air (don't use comprassed air). 
Empty the reservoir oil and clean the reservoir. 
Refill the reservoir to the oil level mark. Replace 
the filtar element, cover, and wing nut. Wipe the 
entire unit with a clean cloth and carefully place 
the unit on the carburetor air horn. 

"nie wire gauze type air cleaner has no oil 
reservoir. The mesh filtering element is washed 
and soaked with oil at each service period. To 
service the unitj you remove it from the 
carburetor air horn. Remove the element and 
wash it in solvent. Shake the excess solvent from 
the unit and permit it to dry in the air, Oil the 
wire gauie with motor oil and allow the excess 
oil to drain. Clean the inside of the filter shell 
with a clean cloth. Replace the element, covers 
and wing nut. Wipe the unit with a clean cloth 
md replace It on the carburetor air hom, 

^e dry type carburetor air cleaner uses a 
paper element. It is serviced by removing the 
element Mid shaking and tapping it to remove 
the dirt. 

Manifold Heat Control 
Valve &rvice 

The manifold heat control valve (fig, 12-22) 
is another engine accessory which must be 
lubricated* The manifold heat control valve 
becomes very hot while operating. A mixture of 
kerosene, alcohol, or penetrating oil mixed with 
graphite is used to lubricate the shaft since 
ordinaiy lubricant would rapidly bum off. 
Apply this mixture to both ends while turning 
the shaft to work the lubricant well into the 
bearing. 
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FIgum 12'2a»Typleal manifold heat control valve, 

^nsrator Sarvi^ 

Periodic lubrication service is required by 
most genefators. A few gen era ton have sealed 
bearings which require no lubrication. The 
generator should be lubricated only at those 
intervals specified by the manufacturer's 
lubrication chart* 

Distributor Servi^ 

The distributor requires service lubrication 
at two pointi-the centrifugal spark advance 
mechanism and the cam. 

The centrifugal advance mechanism may be 
lubricated through a mdU round felt wick 
located at the top of the distributor shaft. Apply 
two or three drops of motor oil to the felt wick. 
With your finger tip, apply a light film of high 
temperature type grease to the cam* CAUTION: 
Excess lubricant on the cam may be thrown over 
to the points and cause i^ition failure. 
Electronic ipiition distributors need lubrication 
of the advance mechanism only. 

Radiator Fan Ser%i^ 

Most radiator fans are mounted on the water 
pump shaft and do not require separate 
lubrication. (Water pump Aaft beaiinp are 
nomially factoiy lubricated.) However^ some 



radiator fans are equipped with a grease fitting 
that should be lubricated at regular intervals. 

RUNNING GEAR LUBRICATION 

The running gear is made up of the 
mechanisms by which the vehicle is controlled 
and the units on which the vehicle moves. TTie 
steering gear, brake system, and wheel bearings 
are parts of the rumiing gear system that 
requires regular lubrication. 

Steering Gear Service 

The gear housing lubricant level should be 
checked at every chassis lubrication. You should 
clean around the fill plug on top of the steering 
gear housing before removing the fill plug. Do 
not disturb the adjusting screw locknut adjacent 
to the fill plug. Check the oil level and add 
lubricant, If necesswy, to bring the oil level to 
the bottom of the fill plug hole. You then 
replace the fill plug. 

Three points require lubrication in power 
steering syitemi. Th^ gear housing is serviced on 
the linkage type of power steering. As you may 
recalls the linkage type of power steering system 
has the power cyUnder, and control valve 
connected to the steering linkage md the 
steering gear of conventional desipi. Additional 
lubrication fittings under the car may be found 
on tihe power cylinder or the power cylinder 
attachment points in the linkage type. The fluid 
wservoir is senriced at each chassis lubrication 
by clemlng the areap removing the dip stick or 
reservoir cover^ checking the oil levels and 
replacing the dip stick or cover after adding oil if 
necessary. Power systems cm ^ become 
inoperative due to dirt in the system, so lise care 
to prevent dirt from entering the reservoir 
during service operations. 

Brake ^rvica 

TTie hydraulic brake master cylinder fluid 
level should be checked at every chassis 
lubrication. TTie fluid level must be visually 
checked at the reservoir. Pumping the brake 
pedal does not constitute a complete check. 
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Qianliness is imperative when sarvicing the 
mastar cylliidir* You iervice the master cylinder 
by cleaning the area around the fill plug or cap, 
removing the fill plug or cap^ checking the fluid 
level and refilling the master cylinder reservoir 
to wthin half m inch below the top of the 
reservoir* iWways use thi hydrauUc fluid 
recommendad by the mmufacturer'i lubrication 
chart* 'Die use of inferior brake fluid or one 
which contains mineral oil will result in 
deterioration of the rubbar sealSj making it 
necessary to eomplately overhaul tha brake 
system md nuih all brake Unas* 

Wheel Bearing Service 

Wheel bearings should be serviced every time 
that the brake drums are removed. It is of vital 
importance that wheal baaring service be 
performed with utmost care and cleanliness. 
Most wheal bearing failures result from dirt and 
grit being introduced to the bearing during 
lubrication service. 

To disassemble ttie wheel bearings, you 
should spread out a clean cloth on which to 
place the parts as you remove them. Remove the 
outer and inner hubcaps and jack up the wheal 
until the tire just cleais the floor* Remove tha 
cotter pin from the spindle and discard the pin. 
TTien remove the retaining nut and flat washer. 
Carefully remove the outer bearing and race 
with an easy shake of the wheal. Do not allow 
the bearing to drop to the floor. Remove the 
whiel and inner baaring race from tha spindla 
(ball bearing type— not roll bearing type). You 
should then clean the loose dust from the braka 
assembly and the backing plate with a dry brush 
or compressad air. Next, remove the grease seal 
from the dmm by tapping It out with a brais 
drift or wood dowel (fig. 12-23)* Remove the 
inner bearing and wash all of the parts except 
the seal in kerosene or solvent. Be sure that all 
of tha grease is removed. Wipe the old grease 
fnDm tha dram hub and blow the dust from the 
inside of the dmm hub. AJfter this clem the 
spindle and the inner hub cap by wiping. TTien 
dry all of the parts thorou^ly and examine tha 
bearing surfaces for pits, cracks, chipSs or general 
signs of wear. Replay all defective bearings. 
You shoiUd not spin the bearinp when they are 
dry as they cm be easily dMiaged by this action. 
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The repacking of the bearings should be 
done immadiately to prevent dust and grit from 
accumulating on the bearings or in the lubricant. 
You should use a mechanical bearing packer if it 
is available. If not^ thoroughly pack the 
lubricant into the bearinp with the palm of the 
hand. You should imaar a thin layer of grease 
Inside the wheel hub to prevent rusting; don*t 
pack the inside of tha hub with lubricant. The 
excess lubricant In the hub may possibly get 
onto the brake lininp. Replace the inner bearing 
and grease seal in the wheel by tapping it into 
place; use a wood block to protect the seal. (See 
fig. 12-24,) You should replace any worn or 
damaged grease seal with a new one. 

Wien replacing the wheel assembly^ you 
should smear a light coat of wheel bearing grease 
over the spindle and replace the inner bearing. 
Next, carefully position the wheel on the 
spindle, taking care to avoid damage to the 
spindle. Then place the outer bearing and race 
into the drum hub and ti^iten the wheel 
retaining nut according to manufacturer's torque 
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Figure 12-24,^ReptaGmg inner bearing and griasa seal. 



ipecifications. If none is specified, tighten until 
a noticeable drag is felt when the wheel is 
rotated, and then loosen tha ret^ning nut to the 
nearest spindle hole and install a new cotter pin. 
The wheel should be able to rotate freely at 
this stage. You may lock the new cotter pin if 
the wheel is able to rotate freely. 

If the wheel does not rotate freely when the 
retaining nut is loosened and the new cotter pin 
installed, you should detennine the cause of the 
wheePs dragging. Drag may be caused by 
dragging brakes, out-of«round brake drums, 
loose backing plates, or defective bearings or 
races. You may check bearing loosenesi by 
rocking the wheel with one hand at the top and 
the other hand at the bottom of the tire. TOe 
looseness of the king pin or ball joints may be 
checked in the same way, but obsen^ation of the 
movement will indicate the point of looseness. 

After locking the cotter pin, and if the inner 
hubcap contains a static coUectori you should 
clip the leg of the cotter pin to prevent 



interference. TTien wipe the cap, collector and 
spindle end to ensure good contact for the radio 
static collector. You may then replace the inner 
and outer hubcaps. 

POWER TRAIN 
LUBRICATION 

As you may recall, the power train is a series 
of power transmitting units which carry the 
vehicle's driving force from the engine to the 
wheels. The power train consists of the clutch, 
transmission^ drive shaft, universal joint or 
jointSj differential and rear axles. 

Clutch Service 

The standard clutch is the single-platej dry 
disk type. The pedal and clutch shaft bearinp 
are the only lubrication points on this type of 
clutch. You should refer to the manufacturer's 
lubrication chart to determine when to lubricate 
and winch lubricant to use. Most of the late 
model vehicles have a clutch release bearing 
containing enough lubricant to last for the lift 
of the bearing. Some trucks have a clutch release 
bearing which requires periodic lubrication. To 
service the clutch release bearing, you should 
remove the lower flywheel cover and clean 
the plugs nttingj or oiler with a clean cloth, TTien 
lubricate sparingly and wipe off any excess 
lubricant before replacing the lower flywheel 
cover. 

Transmission Service 

TTie conventional transmission should be 
checked for lubricant level at each chassis 
lubrication. Recurrent low lubricant level 
indicates that there is leakage around the oil 
seals. If you notice foaming in the oil, you 
should drain the transmission and refill it with 
fresh lubricant. Foaming is evidence that water 
or some other lubricant which will not mix with 
the recommended lubricant is present. You 
should drain the transmission immediately after 
the vehicle has been operated, TTie lubricant will 
then be warm and will readily drain and take 
along the suspended contaminants as it drains. 
Before you drdn the oil, you should clean 
thorou^ly around the drain and fill plup. TTie 
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drain and All plup should be removed to allow 
the oil to drain* To raflll the transmisiion with 
oil^ you repliea the drain plug and fill the 
transmission with the proper lubriGint until it 
reaches the bottom of the fill plug hole. Then 
replace the fill plug. 

Universal Joint Sendee 

Universal joints are de^dces designed to 
transmit power through the drive shaft while 
flexing through various angles. 

Universal joints in use today are either 
factory lubricated or have lubrication fittinp 
that should be lubricated at rigular intervals^ 
Service to those that are factory lubricated is 
limited to replacement when sipis of excessive 
wear are present. 'Hie types provided with 
lubrication fittings are lubricated with low 
pressure pease guns only . Use of a hi^ pressure 
grease gun will damage the seals and result in 
early failure of the universal joint 

T^e HotchWss drive allows a change in drive 
shaft length as the vehicle travels over uneven 
surfaces, A spline in the shaft assembly acts as a 
sUp joint to permit the drive shaft's effective 
length to vary. Some splines are lubricated from 
the transmission and some are lubricated 
through a fltting. Hie manufacturer's lubrication 
chart should be used to determine the proper 
lubricant to use if there is a fltting on the 
universal joint spline* 

Drive Siaft Ser\ice 

TTie drive shaft itself is not lubricated, but 
the drive shaft bearing located in the middle of 
the drive shaft may require lubrication. Most 
drive shaft bearings are sealed at the factoty and 
require no lubrication. TTiose equipped with 
fittings should be lubricated at regular inteivals. 
You should refer to the manufacturer-s 
lubrication chart to determine the type of 
lubricant to use and where to apply the 
lubricant. 



IMfferential Service 

The lubrication procedure for the 
differential varies from model to model; the 
manufacturer's lubrication chart will indicate 
the lube points and the amount and type of 
lubricwit to use. Most differentials are filled 
with lubricant to the bottom of the fill plug. 
Differentials should be drained after the vehicle 
has been driven since the warm oil will drain 
more easily and completely. 

MISCELLANEOUS LUBRICATION 

TTiere are some vehicle components which 
do not fall readily into any one catagoty. 
Electric motors, gearshift levers, and 
speedometer cables are components which 
require lubrication service, but which do not fall 
into any one of the previous categories. 

Bectric Motor Service 

The small electric motors used for 
automotive accessories are used only 
Intennittently and seldom require lubrication. 
'Diese electric motors may be equipped with oil 
Impregnated bearings wluch do not require 
lubrication. When there is a means to lubricate 
the motors, you should apply the lubricant 
sparingly* 

Gear Sliift Lever Service 

You should occasionally lubricate the 
friction points of the linkage for gearshift levers 
mounted on steering columns* 

Some vehicles with automatic transmissions 
require that the automatic timnsmission linkage 
be lubricated. You should sparingly lubricate the 
shift detent leyer every 1000 miles for those 
automatic transmissions which have the shift 
detent lever. 
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METRIC SYSTEM 



The metric systim was davaloped by French 
scientists in 1 790 and was speciflcally deigned 
to be an easily used system of weigh ti and 
measures to benefit science^ industry, and 
commerce. Soon after development, scientists 
the world over adopted it for thiir work. 

Early in the 19th century mmy European 
gountrias adopted the new system for 
engineering and commerce. It was possible for 
theie countri^ to trade manufactured goods 
with one another and not be concerned with 
having to buy spacial wrenches and tools to 
rapair the machinery received in ^ada. Countries 
could buy and sell machine tools and pracliion 
instruments without having to modify or alter 
them. 

Todayj with the exception of the United 
States and a few small countries, the enttre 
world is using predominantly the metric system, 
or is committed to ite use. It becomes a matter 
of time until the United States adopts the 
International System of Units (SI) which is the 
formal name for the metric system* Exactly 
when the United States wUl adopt Qiis system or 
how long it wHl take to change from the use of 
non^-SI units to SI units is unloiown, MeanwhUe, 
the use of SI units is swe to spread , and is 
expected to become ufftversal by 1980. Much of 
the equipment in the United States Navy is 
already' measured in SI units. Certain of its 
weapons are dzed in **meMc", such as 
20 millimeters and 40 millimeters. Existir^ maps 
and charts may show distances in meters 
(instead of y^ds) and kilometeri (instead of 
miles). 

Some SI units are bw units; that is, metric 
stindardi defined and adopted by intemattonal 



freaty. Other SI units are derived from the base 
units and are either expressed in terms of the 
base unit or are specially named. Hie base unit 
for meaiuring distance is the meter. ITie metoic 
standard for weight is the gram. Other SI 
standards include ttie second (time) and the 
degree Celsius (temperature), which was 
formerly called centip'ade. The square meter 
(area), cubic meter (volume), and meter per 
second (speed) are derived units expressed in 
terms of the base unit. Derived units having 
special names include the hertz (frequent), 
watt (power), farad (capadtance), volt 
(electromotive force), and ohm (electric 
reiistance), 

TTie metric system is a base-10 (dedmal) 
number system* It is convenient and easy to use 
because one unit of measure is converted to 
smaller and larger units of measure by dividing 
and multiplying by powers of 10, or by slufting 
the dedmal point. For examplej 12*3 milli- 
meters convert to 1.23 cehtimeters* 
Calculations, such as dividing by 16 (to convert 
ounces to pounds) and multiplying by 12 (to 
convert feet to inches) are eliminated. 

The result of multiplying a base unit by a 
power of 10 is refaned to as a multiple; the 
result of dividing by a power of 10, a 
submultiple. Names of multiples md 
submultiples of the base unit are formed by 
adding prefixes to tiie name of the base unit. 
The ihready mentioned mUlimeter, centimeter, 
and kilometer are exmiples. Among ttie most 
commonly used preflxes tfe kilo, megaj centi» 
and milli. Kilo is the prefix where fte base unit 
is multiplied by 1,000; mega is the prefix where 
the base unit is multiplied by 1 ,000,000, Thus, a 
kilopam is 1,000 times larger thm a gtmi. 
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llkewisi, a migavolt Is l^OOOjOOO trnies largir 
than a volt. The prefixes (centi and milli) are 
submultiplis. Centi is the preflx where the base 
unit is divided by 100; miUh where the base unit 
is di'wded by 1,000. Thus, a centimeter Is one 
hundredttt of a meter and a milliwatt is one 
thousandth of a watt. 

it is rather simple to relate SI units to non-SI 
units. Compared to the yard, the meter is a little 
longer (about LI yd)* In long distance 
measurements, ttie SI unit is the kilometer, 
wWdi is sli^tly farther than 1/2 mile (about 
0.6 mile). The bade unit of volumej the liter, is a 
little larger than a quart (about 1,06 qt). TTie 
weight of a liter of pure water is 1 kilogram, 



which is a little more than 2 pounds (about 
2,2 lb), TTie SI unit for measuring power, the 
kilowatt, is somewhat bigger than one 
horsepower (about 1 J hp)* 

In working with non-SI units and SI units, it 
helps to have a table of common equivalent 
weights and measures, such as tiie one that 
follows, T^is table also gives the factor you 
multiply by in order to convert a non-SI unit to 
an SI units or vice versa. For example: 

1/2 inch ^ 1/2 X 25,4 or 12.7 mm (exact) 

5 Ulometers - 5 x 0,6 or 3 miles 
(approximate) 
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SI AND NON-SI UNITS OF MEASUREMENT 
COMMON EQUIVALENTS AND CONVERSIONS 



A^rOKimata Common Equivalents Conversions Aaauratt to Parts Per Million 

(units statod in abbreviated form) 

Number X Factor 

1 Inch ^ 25 millimeters In X 25,4* s tnm 

1 foot s 0,3 meter ft X 0.3048*^ = m 

1 yard ^ 0,9 meter yd X 0.9144* s m 

1 mlle^ = 1,6 kllometars ml X 1,609S4 s kjn 

1 square inch ^ g.s square centimeters In^ X 6,4Si6* s QmP 

1 square foot ^ 0*09 square meter ft^ X 0,092M30 » t^fi 

1 square yard « 0.8 square meter yd^ X 0.8361^7 ^ 

1 acre ^ 0.4 hectare^ aqres K 0.404686 « ha 

1 oubio inch ^ IS aubia oentimeters In^ X 16.3871 ^ on^ 

1 cubic foot = 0.03 cubic meter ft^ X 0.0283168 ^ nfi 

1 cubic yard ^ 0*8 cubic meter yd^ X 0*7645g5 = 

1 quart (iqj ^ 1 liter qt (iq*) X 0*946363 ^ I 

1 gallon ^ 0*004 cubic meter gal X 0.00378541 ^ m^ 

1 ounoe (avdp) ^ 28 grams oz (av^) X 28#349S ^ g 

1 pound (avdp) ^ 0.45 kilogram lb (avdp) X 0,453692 ^ kg 

1 hors^wer ^ 0*75 kilowatt hp X 0.748700 ^ kW 

1 pound per square inch ^ 0,07 kilogram per square psl X 0,0703224 ^ iglcm^ 

centimeter 

1 millimeter - 0,04 inch mm X 0,0393701 = in 

1 meter ^3*3 feet m X 3.28084 ^ ft 

1 meter - 1,1 yards m X 1*09361 ^ yd 

1 kilometer ^ 0*6 mile km X 0*62i371 ^ ml 

1 square centimeter ^ 0.16 square inch cm^K 0*155000 ^ in^ 

I square meter ^ 11 square feet X 10.7639 ^ ft^ 

1 square meter ^ 1^2 square yards m^ X I.i9i09 • yd^ 

1 hectare ^ 2*5 acres ha X 2,47105 ^ acres 

1 cubic centimeter ^ 0.O6 cubic inch cm? X 0.0610237 ^ in^ 

1 cubic meter « 35 cubic feet m^ X 35.3i47 ^ ft^ 

1 cubic meter ^ 1*3 cuWc yards nfl X 1.30795 « yd^ 

1 liter « 1 quart (Iq.) 1 X 1.05669 * qt (Iq.) 

1 cubic meter ^ 250 pillons m^ X 264.172 ^ gal 

1 gram ^ 0*035 ounces (avdp) g X 0.0352740 ^ 01 (avdp) 

1 kilogrMi ^ 2.2 pounds (avdp) kg X 2*20462 ^ lb (avdp) 

1 kilowatt s 1.3 hoi^power kWXl.34l02 ^ hp 

i kilogram per square ^ 14*2 pounds per square kg/cm^ X 14.223226 ■ psl 
centimeter inch 



^nautical mile » 1.852 kilometers 



* exact 
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NCF AUTOAAOTIVE EQUIPMENT 
INSPECTION GUIDE 



ITIM SERVICE ITEM DESCRIPTION 
ABC 

1 X X VALVE MECHANISM^Adjust valves as tha need for 

service is indicated by valve noises or engine 
performanca. 

2 XX IGNmOM SYSTEM-Cheok migneto points and 

impulse coupling; adjust as required. Check condition 
of disWbutor cap, rotors breiker points. Set timing. 
Oieck distributor sp^k advanci. 

3 ^ XX SPARK PLUGSHaem, oheok, and gap spark plugs. 

Replace as required. 

4 X X X FUEL SySTEM-^Check fuel fUter and fuel pump 

screens and bowls; clean or replace as required. Adjust 
idle speed and fual mixturi as required, 

5 X X X CHOKE AND THROTTLE CONTROLS-Cheek the 

diokep throttle linkage^ engine shutoff and emergency 
ihutoff for proper operation, 

6 XX GOVERNOR— bspect all linkage and pins for wear and 

ttie operatti^ iffielency of the governor under v^ing 
load conditions* Nptloe sipis of mrgti^ or improper 
op^ation» Lubricate as raqul^d. Using speed Indicator, 
dieck engine govirned spaed, 

7 X X X FUEL TAKK & SHUTOFF VALVES^Inspect fuel 

tante for oondition and security of mounting brackets, 
Qieck for plumed air vents, Qiegk shutoff valve for 
operation and leaks, ^ick fuel Unes for leaks or 
chtfing. 

8 X X X UGHTS-taspict aU lights, ripials and reflectors. Check 

condition of jumper ^bles and Junction boxes 
on touck factors. Visudly Aeck haadUght alinenient. 
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ITEM SERVICE 
ABC 
9 X X X 

10 XX 

11 X X X 

12 X X X 

13 X X X 

14 X X X 

15 X X X 

16 X X 

17 X X 

18 X 



ITEM DESCRIPTION 



BATTERY-Check witer leveL Clean battary and 
terminal oonneGtioni* Check holddown bolts and 
brackets, 

STARraR-Chack to see thit the mounting bolts ire 
ti^t md that the cable connections are clean and tight. 

INSTRUMENTS AND CONTROLS-Chack all 
instruinintSi gages, switches, controls^ and wmiing 
devices for p^per operation* 

COOLWG SYSTEMS-Fill radiator, check and tighten 
hose connections* Clean and steai^ten radiator flns as 
nem%BBry, TiSt antifreeze In season* Check radiator 
mounts. On "C" PM*s, drain and rafiU radiator^ flush 
cooling system if reqiared' 

FAN ASSEMBLY FAN BELTS^-Inspect fan 

a^embly. Inspect fan belts for wear and frayed edges, 
adjust tendon in accordance with manufacturer-s 
^edficattons. 

EXHAUST SYSTEM^Oieck for exhaust and muffler 
leakage. Check rain caps, 

CLUTCH-Oieck for clutch slippage. Check to see that 
free fravel is in accordance witii manufacturer's 
speciflcations* 

HYDRAULIC BRAOS-Check pedal clearances and 
brato hose conation. Road test to detemiine if brakes 
function properly, 

FULL AIR OR AIR OVER HYDRAULIC 
BRAKES— Drain air reservwrs* Check air pressure 
buildup. Check brake chaniber pudirod. Check quick 
appUcation valve and for complete release of aU brakes* 
Check tractor protection valve controls in norm^ and 
em^genq^ positions* Qieck operation of emergency 
brake appUcation for ^aile^. Check brake hose 
condition. Road test to detennine If brakes function 
properly, 

ALL BRAOS— Remove front drums and one lear 
drum and inspect for weitf and damage. Check and lube 
wheal bearings as reqirired, ITien do item 16 or 17 is 
appUcable, 
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ITOM SERVICE ITEM DESCRIPTION 
ABC 

19 X X X LEAKS-Visually inspect the engine compartment, 
brake drums, and benaath the vehicle for indications of 
water, fluid, oil, or fuel leala. 



20 X X X 



21 XX 



ERIC 



LUBRICATE— Lubricate utUiimg lube charts and 
manufecturer's spaciflcations. On ''C" ?U% drain and 
refill an gear box reservoiri; flush if requirad. 

ENGINE OIL AND OIL FILTER^Changa oil and 
raplace flltars* 



22 X X X AIR CLEANER-Check scraens and oil lavgl and sarvica 

as necas^jy. Replace papar-typa alamants as required, 

23 XX TRUNNION AXLE BEARmG^Lubricate. 



24 X X X 



PCV VALVE-aieck positive crankcasa ventilation 
syitam for proper operation. Clean or raplace 
componanti as required. 



25 X X X VACUUM BRAKE BOOSTER AIR CLEANER^Clean 

and lubriGata. 

26 X X X TURBOCHARGERS, SUPERCHARGER^ChaQk for 

leaks and proper operation. 



27 X X X 



GEAR BOXES-Check mounting and a^ambly boltSj 
braathari, lube levals, indicationi of leaking gaskets or 
seals, 



28 X AUTOMATIC TOANSMISSION--D0 item 27, then 

check automatic fransmission in aceordanca mtt tha 
V a h i ole manufacturer- 1 ra eommeud ed procaduras, 
Check and adjust shifting link^a* 



29 X X 



30 X X 



X UNIVERSAL AND SLff JOINTS^In^ect and 
lubricate U-joints and lUp joints in accordance with 
manufacturer's recommandatlons. Tighten all drive line 
bolts. 

X HYDRAULIC SYSTEM^Chack Unas for leaks, pacldng 
glands for adjustment^ and controls for excessh^e wear. 
Check reservoir fluid level and vent openings. Clean or 
replace screens/filters as raquirad. On '*C'* PM's, drain 
md reflU hydraulic system; flu^ if required. 
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ITEM SERVICE ITEM DESCRIPTION 
ABC 

31 X X X AIR COMPRESSOR, VALVES AND LINES^Chaek oil 
liVfl; add as nicasswy. Qean air filters; drain water 
tmps. Check compressor, unloidar safaty vilvaj belts, 
pullays, and adjust in aecordanca with manufacturir's 
spaciflcationi. Check for leaks. 



32 X X X STEERING SYSTEM^With the weight of the vehlcla 

on its wheels^, cheek tha steering linkiga for axcassive 
looseness and alinement; if nacassary, adjust the 
steering system In accordance with manufacturer's 
ricommanded proceduras. 

33 X X X DIFFERENTIAL-Chack lube levels. Check for unusual 

noisas and indications of leaking gaskets or seals, 

34 X -X X AXLES-Retighten axle flange nuts. Check for leaks. 

35 XX X TIRES— Check for cutSj bruises, uneven wear, inflation^ 

and proper Azm. Replace missing valva caps. Check for 
niatching tire size of duals^ tandem bogies, and 
inultidrivas (4x4% 6x6% and so on)* 

36 X X X WHEELS-^Check for rim damage and inspect for worn 

and elongated stud holes. Retighten an lug nuts, 

37 X X X SPRINGS-Oieck for broken leaves or coils, loose 

U-bolts or shackles. 

38 X X X SHC^K ABSORBERS-ChiGk for leakage. If faulty 

rfiock absorber action is iuspictedi remove the shock 
absorbers Bnd perfonn bench tests in accordance with 
nianufacturer's recommended procedures* 

39 X X X FRAME-Qi^ck crossmembers, side raUs, brackets, 

welds, bolts, and rivets for condition md alinement. 

40 X X X FIFTH WHEEL-Chack fifth wheel mounting plate, 

mounting plate bolts and safety lock. Check for cmcked 
mme mils, 

41 X X X ENGINE AND TRANSMISSION 

MOUNTWGS-taspact supports for looseness or 
breaks. 
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nm SERVICE ITEM DESCRrPTION 
ABC 

42 X X X CAB^Chack doors^ windows^ gla^, smU, cushions, 
mirrors, body bolts, frames, sheet metal, paint and 
identification markings, and floors, and see that drain 
holes are unobstructed. 



43 X X X ACCIDENT DAMAGE^Impect for accident damage, 
loose or defective parts. 



44 X X X mmsmnw WIPERS--aieck the windshield wipers 

for condition and proper operation, 

45 X X X SAFETY GUARDS-Check all safety guards and be 

sure they are properly installed, secure, and in good 
condition. 

46 X X X TRAILER AND SEMITRAILER^Perform appUcable 

opera tions. Check Wngplns for wear. Lubricate landing 
gear* 

47 X X X PARTS & COMPONENTS^Check miscellaneous parts 

and components (collateral equippage) as required/ 
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NCF CONSTRUCTION EQUIPMENT INSPECTION GUIDE 



ITEM SERVICE ITEM DESCRIPTION 



ABC 

1 X X VALVE MECHANISM --Adjust valves as thi need for 

Sirvice is IndiQated by valve noisas or angina 
parfonnanca, 



2 XX IGNITION SYSTEM^Chack magnato points and 

impulsa coupling; adjust as raquired. Oieck condition 
of distributor Qgp, rotor ^ and braaker points. Sat timing, 
Chack dliWbutor ipark advance. 



3 XX SPARK PLUGS-Clean, check, and gap spark plugs* 

Replaea as required. 

4 X X X FUEL SYSTEM-Chack fuel fUtar and fual pump 

icraans and bowls; Qlean or replace as required. 



5 X X X CHOKE AND IHRQTTLE CONTROLS^Chack the 
choke, throttle linkage^ enpne shutoff and emeigancy 
shutoff for proper operation* 



6 X X GOVERNOR-lnspect all linkage and pins for wear and 

the operating efflciency of flie govamor under varying 
load conditions. Notice signs of suiging or improper 
operation. LubriQate as required. Using speed indicatort 
check engine govemad speed. 



7 X X X FUEL TANK & SHUTOFF VALVES^Inspact fuel 

tanta for condition and security of mounting brackets, 
Check for plugged air vents. Check shutoff valve for 
operation and leaks. Check fuel Unes for leaks or 
chafing, 

8 X X X LIGHTS-Inspect all ll^ts, signals and reflictors. 
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ABC 



XXX BATTERV-^Oiick water level Clean battery and 
terminal comectiojis* Check holddown bolts and 
brackoti, 

X X GENERATORS-Check bearing seals for leaks. Clean 
dust and oU froni air passages. Check condition of slip 
ring, cofnmutatorj and brushis for wear and proper 
alinemint. Instrunients must function properly. 
Lubricate as required. 

X * X STARTER-Check to see that the mounting bolts are 
tight and that the cable connectioni are clean and tight. 

XXX INSTRUMENTS AND CONTROLS--Check all 
initruments, gagei, switches, controls and warning 
devices for proper operation. 

X X WATER CHARGE AND TIME DEVICE^Inspect for 
functional accuracy and operation, 

K K X COOLING SySTEMS-^FlU radiator; check and tighten 
hose connections, Clean and itral^ten radiator fins as 
necessary. Test antifreeze in season, Check radiator 
mounts, On '"C*' PM's, drain and refill radiator; flush 
cooling systani if required. 

< X X FAN ASSEMBLir AND FAN BELTS-Inspect fan 
aisembly. Inspict fan belts for wear and frayed edges; 
adjust tension in accordance with manufacturer's 
Specifications, 

£ X X EXHAUST SYSTEM^Check for exhaust and muffler 
leakage. Check rain caps. 

X X CLUTCH-Qieck for clutch slippi^e. Check to see that 
free travel is in accordance ^yith manufacturer's 
specifications, Check jaw type for wear, 

X HYDRAULrC BRAKES^aack pedal clearances for 

free travel and brake hose condition. Operate to 
determine if brakes function properly. 

X FULL AIR OR AIR OVER HYDRAULIC 

BRAKES-^ain air reiarvolrs. Check air pressure 
buildup, Check brake chamber puihrod. Check 
operation of quick appUcation valve and for complete 
rBleasi of all brakes. Check tractor protection valve 

42a , 
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ITEM SERVICE ITEM DESCRIPTION 
ABC 

controls in nomial and emergency positions. Chick 
operation of emergency brake appUGation for trailirs. 
Check brake hose condition, Road test to datermine if 
brakes function properly, 

20 X ALL BRi^ICES-Remove front drums and one rear 

druni and inspect for wear and damage. Check and lube 
wheal bearinii as required. Then do item 18 or 19 as 
applicable. 

21 XXX LEAKS-- Visually inspect the engine compartment, 

brake dmms, and beneath the vehicle for indications of 
water^ fiTjid, olL or fuel leaks, 

22 X X X LUBRICATE-Lubricate, utilizing lube charts and 

manufacturer*! ipecifications. On *'C" PM's, drain and 
refill all gear tox reseryoin; fluih if required. 

23 XX ENGINE Oil AND OIL FILTER^Change oil and 

replace filters. Inspect all external engine oil Unei for 
condition and leakage* 

24 X X X AIR CLEANER-Check screens and oil level and service 

as necesiary. Replace paper-type elenienti as required* 

25 X X X TURBOCHARGERS, SUPERCHARGERS--Check for 

leaks and proper operation. 

26 X 'X X GEAR BOXES-Check mounting and assembly bolts, 

brtatheri, lube levels, and indications of leaking gaskets 
or seali 

27 X AUTOMATIC TRANSMISSION^Do item 26, then 

check autoniatic ^ansmission in accordance wth the 
vehicle manufacturer's recommended procedurei, 
Check and adjust shifting linkage. 

28 X X X EXPOSED DRIVE CHAmS-Check for wear and 

broken cracked links, rollers and tensloni 

29 X X X BELTS, DRIVE-Inspect for alinement wear and frayed 

edges* Adjust in accordance with manufacturer's 
Specifications* 

30 X X X UNIVERSAL AND SLW JOlNTS^Inspect and 

lubricate U-joints and slip joints in accordanca with 
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rmU SERVICE item DESCRffTION 
ABC 



manufacturer's recomniendations, listen aU drive line 
bolti. 



3 1 X X X AIR COMPRESSOR, VALVES AND LINES-^Check oil 

level; add oil as nacessary. Qean air filters, and drain 
water trapi. Cheek compressor, unloader, lafety vilve, 
belt! and pulleyi, and adjust in accordance with 
manuftcturer's spidflcations. Check fof laaks. 

32 X X X HYDRAULIC SYSTEM-^Checlv dms for Igaks, packiiig 

glands for adjustment^ and controls for excemve vv^ear. 
Check reservoir fluid level and vent openings. Clean or 
replace icwens/filteft as required. On **C" FU% drain 
and refiU hydraulic syitem; flush if required, 

33 X X X STEERmG SYSTEM-^With the weight of tha vehicle 

on its wheals, check the steering linkage for excessive 
looieneis and aUnement; if necessary, adjust the 
steering system in aQcordance with manufacturer's 
recomniended procedures. 

34 X X X DIFFERENTIAL-Check lube levels. Check for unusual 

noises and indications of leaWng gaskets or seals. 

35 X X X FINAL DRrVES-Check lube levels, security of bolts 

and capscrewSj and indications of lealdng gaskets and 
^ali. 

36 X XX TIRES--Check for cuts, bruises, uneven vvear, inflation, 

md proper sizes. Replace missing valve caps/ Check for 
matchijig tire size of duals, tandem bo|ies, and 
multidrives (4x4's, 6x6% and so on), 

37 X X X ^EELS-Check for rim dam^e and inspect for worn 

and elongited stud holes; retighten all lug nuts. 

38 XX CRAWLER TRACK ASSEMBLY-Check plates, linkage, 

pinSj and bushingi for wear. Check traek shoe 
mounting. Inspect and adjust track tension in 
accordance with manufacturer's instaictions. 

39 X X X SPROCKETS-Check for tootii wear and aUnement. 

40 X X X ROLLERS^Check for oil leaks, broken flanges, flat 

ipota, and worn faces. RoUeri should turn freely. 
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ITEM SERVICE ITEM DESCRIPTIOK 
ABC 

41 X % % SPRINGS-Check for broken laavei or coils, and loose 

U-bolti or ihicklis. 

42 X X. X FRAME--CheQk CTOSsmemberi, side rails, brackets, 

welds, bolts and rivets for condition and alinement. 

43 X X X ENGINE MOUNTS-Loose holddown bolts will result 

in the loss of the original shims from the support pads 
and misalinement- If inpiie shows evidenca of being 
adrift, it should be realined and properly secured, 

44 X X X CAB-Check doors, wiiidowi, glass, seats, Gushlons, 

mirrorsp body bolts, frames, sheet metal, paint and 
identification markingi, and floori, and see that drain 
holes are unobstructed. 

45 X X X ACCIDENT DAMAGB-Inspict for accident damage, 

loose or defective parts^ 

46 X X X WINDSHIELD Wff ERS--Check the windshield wipers 

for condition and proper oparatlon, 

47 X X X SAFETY GUARDS-Check all safety guards and be 

sure they are properly installed, secure, and in good 
condition. 

48 X X X POWER CONTROL UNrrS-Cable-type; check oil 

lavals and leaks and worn or glazed linings and bands. 
Hydraulic type; check operation of control valves and. 
pumps. Inspect piston rods and linkage for wear. Check 
for leaks. 



49 X X X BUCKETS-Check for loose plates, rivets, welds, 

fasteners, tooth and bit holders, and improper worldng 
latches* 

50 X X X CUTTWG EDGES AND END BITS-Qieck attaching 

bolts or cUps, Chick the distance that wear is 
approaching moldboard or bit holder, 

51 XXX BR^RINOS AND BUSHINGS-Inspect rease seals for 

leaks. Check bearings for adjustment and alinement. 
Lubricate as required. 

52 X X X MOLDBOARD AND LIFT ARMS-Check pins, pivot 

socket, bolts, welds, and shifting mechanism. Check lift 
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ITEM SERVICE ITEM DESCRIPTION 
ABC 

and iidianns for bendi and worn linkage. Sea that pin 
kaipirs are in place. 

53 X X X FAIRLEADS-Check sheavii^ rolliri, and mounting. 

54 X X X TAGLINE-Check in iccordancs with manufacturer's 

instnictioni, 

55 X X X CABLES AND SHEAVES^Inspict condition of cables 

and attachmentSi replace In accordance with 
manufacturer's imtructions. Check shaaveSj pins, and 
beaiiiigi for wear and brokan flanges. 

56 X X X BOOM AND LEADS-aeck crosimembers, side rails, 

brackits, welds, bolts, and riveto for condition and 
alinement, Check boom harne§i for defective cables, 
pini and sheaves, 

57 X X X DIPPER STICK AND RACKmO^Oieck for general 

condition and alinement. Note any cracks, breaks, loose 
bolts or rivets. 

58 X X X CROWD ASSEMBLY^Cheek for proper operation. 

Adjustment should be made according to the 
nianufacturer"S instructions. 

59 X X X BOON AND HOIST DRUM ASSEMBLIES^heck 

dmm baarinp, bushings^ shafting, grease seals, and 
lagging, 

60 X X X SWING MECHANISM^Inspact giars, circla, roller 

pitli, fins, roller shafts, and bearing seals for wear, 
Rollers tfiould rotate freely, Swing locks and linkage 
must operate properly, 

61 XX CENTER PIN, HOUSE CARRER AND HOLDTOWN 

ROLLERS-Inspeet for wmt. Adjust to manufacturer*! 
^edflcations. 

62 XX TRAVEL MECHANISM^Inspact and adjust clutches. 

Inspict tavil lock, shafts and link^e for exce^ive 
w^e^, 



63 X X X GEARS AND PINIONS^aieck open gean and pinions 
for proper lubrication. 
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ITEM SERVICE ITEM DESCRIPTION 
ABC 

64 X X X HAMMER LINKS-Check for bending and elongated 

mounting bolt holes, 

65 X X X JAWS, LINERS AND CONCAVES-Check for wear and 

secuie mounting. 

66 XX TOGGLE ASSEMBLY -Check plates, seats, wedges, 

and ways for wear, cracks, and breaks, Check tension 
spring for adjustment. 

67 X X X ECCENTRIC SHAFT OR SLEEVE-Check for wear 

and lube leaks. 



68 X X X CONVEYORS AND DRIVES-Check condition of belts 

and spUces, alinement, scmpers and cleaners, tall pulley, 
chains and buckets, sprockets and safety guards. 

69 X X X SCREEN AND DRIVES-Check for wear, mounting, 

alinement, and operation. See that rivets, bolts, and 
braces are in place and secure. 

70 X X X BINS, HOPPERS AND CHUTOS-Check braces and 

fastenings. Inspect operation of gates and controls. 

71 XXX MIXER DRUM-Check cleanliness of drum and mixing 

flight, chutes, bearings, and trunnion rollers for wear. 



72 X X 



X 



PARTS AND COMPONENTS-Check miscellaneous 
parts and conporients as required. 
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A 



Accassory circuits, 215, 216 
Advancement, preparation for, 1-1 1 
Akk brake systems^ 318-330 

servicing air brikeSj 328-330 

Air compressor maintenance, 380-383 
air cleiner sarvlcinj, 380, 381 
demister servldng^ 381 
disassemblyj 383 
oil filter semcing, 381 
pneumatic controls servicing and 

adjustment, 382, 383 
tharmostat replacement, 383 

Air-cooling systems, 123, 124 
baffles and fms, 1 23 
fan and shroud, 123 
maintaining the air-coolid 
system, 123, 124 
Air-over-hydraullc braka system, 31 5-^31 8 
Automatic and power shift trmsmisslons, 
344-358 

Automotive chissis and bodies, 257-299 
bodies, 290^299 
steering mechanisms and wheel 

alinement, 280-290 
suspension systems^ 259-265 
the frame, 257459 
tires, 266-280 
wheels and rimsi 265, 266 

Automotive elagtridty: part I, 148-177 
electric current, 148-1 50 

amperage and voltage, 149, 150 
conductors, 148, 149 
insulators, 149 
iisistance, 150 



Automotive electricity: part I -Continued 
generators, 159-177 
alternator, 172-177 
direct-current generator, 
160-172 
magnetism, 150-153 

electromagnetism, 151, 152 
eleetrom^netic induction, 

152,153 
magnetic field, 150, 151 
storage batteiy, 153-^159 
battery capacity, 1 54 
battery charging, 155, 1 56 
battery construction, 153, 154 
battery maintenance and 

testing, 158, 159 
battery ratings, 154, 155 
battery shop safety, 159 
placing new batteries in 

service, 157, 158 
self^ischarge, 156, 157 

Automotive electricity; part II, 178-216 
accessory circuits, 215, 216 
i^ition circuits, 187-202 
lighting circuit, 202-207 
preventive maintenance, 210-215 
starting circuits, 178-187 
wring circuits, 207-210 

Automotive power trains, 217-256 

automotive winches, 256 

drive axle assembly, 243-256 

drive lines, 240-243 

power takeoffs, 239 

the clutch, 218-226 

transfer cases, 236-239 

transmission, 227-236 
Automotive winches, 256 
Auxiliary assemblies, 57, 58 
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B 



Basia engina strokes, 14-17 

comprassion stroke, 1 5 

gxhaust stroke^ 17 

intake strokai 15 

power stroke, 15* 17 
Basic hydraulic syBtem, 333-339 

accumulators, 339 

hydraulic cylinders, 335-337 

hydraulic motors^ 339 

hydraulic pumps, 334 

reservoir, 333 

strainers and filters, 333, 334 

tubings plpingf holes and 
rittings, 337, 338 

valves, 334, 335 
Batteiy, storage, 153-1 59 
Bodies, 290-299 

apoxy fillers, 299 

painting, 295-299 

preparing the surface for painting, 295 

removing dents, 292, 293 

replacing sheet metal, 293-295 
Brakes, 300-330 

air brake systemSj 31 8-330 

servicing air brakes, 328-330 

air-over-hydraulie brake 
lystem, 315-318 

hydraulic brakeSt 301-3 13 

brake fluid disfribution, 304 
disk brake assemblies, 3 1 0, 3 U 
drum brake assamblies, 305, 306 
drum brake service, 306-309 
master cylindars, 302-304 
servicing hydrauUc systems, 

311-313 
wheel cylinders, 305 

types of brakes, 300, 301 
parldng brakes, 30O, 301 
service brakes, 301 

vacuum boosters, 3 1 3-3 1 5 



Chassis and bodies, automotive, 257-299 

Classification of enpnes, 1 9'-22 

airangement of cylinders, 20, 21 
gasoline engines vs diesel engines, 19, 20 



Classification of engines— Continued 
operating cycles, 20 
valve arrangeinent, 21 ^ 22 

F-head, 21, 22 

I-head, 21 

L'head, 21 

Clutch, the, 218-226 

clutch lubrication, 225 
clutch operation, 218-220 
clutch overhaul, 225, 226 
clutch pedal adjustment, 220, 221 
clutch troubleshooting, 221-224 
chattering or pabbing when 

engaged, 223 
clutch noises, 224 
clutch pedal pulsation, 224 
rapid disk facing wear, 224 
sUpplng, 224, 225 
spinning or dragging when 
disengaged, 223 

Cold weather starting, fuel systems, 1 18, 1 19 
glow plugs, 1 1 8 
preheaters, 1 1 8 
starting fluid, 118,119 

Combustion engine, 12, 13 

Components of lubrication systenij 138-142 

Construction equipment, 331-383 

air compressor maintenance, SSO-SSS 
basic hydraulic system, 333-339 
heavy-duty air compressors, 

377-380 
hydraulic system maintenance, 

339-344 
hydrauUc systernSj 331 , 332 
maintenance of track and track 

frame assemblies, 366-368 
pivot brakes, 360 
planetary steering, 358-360 
power shift and automatic 

transmissions, 344-358 
tracks and track frames, 360466 
wire rope, 369-377 

Construction Mechanic rating, the, 1-3 
types of billets, 2, 3 

duty at overseai bases, 3 

duty within the UJ.,3 

geographic location, 2 

the Public Works Department, 2, 3 

units of the fleet, 2 
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Cooling and lubricating systems, 1 22-147 
cooling systems, 122-138 

air-cooling systtmi, 123 s 124 
liquid-cooling syitams 124-131 
repairiiig cooling system 
- eomponentSs 135-*138 
sarvidng ths liquid-cooling 
system, 13M35 
engine lubrication iystems, 138-147 
lubrication system 

component, 138-142 
lubrication system 

maintenance, 143-147 
purposes of lubrioation, 138 
types of lubrication systems, 
142,143 
Cycles, engine, 1 7, 18 



D 



Development of power, internal combuition 

enpnas, 13, 14 
Diesel fuel system components, 91-96 
fuel filters, 91 , 92 
fabric filter, 92 
metal-disk filter, 91,92 
fuel pges, 91 
fuel injection, 93-96 

atomization of fuel, 95 
creating pressure, 95, 96 
injection control 94, 95 
metering, 94 
timing, 95 
fuel supply pump, 92, 93 
fuel tanks, 91 
Diesel fuel system maintenance, 119-121 
air in fuel system, 120 
cleaning injectors, 1 20 
dirt in fuel system, 1 1 9 
servicing injection equipment, 1 20 
testing fuel injection nozzles, 120, 121 
water in fuel syitem, 1 1 9 
Diesel fuel system, the, 81-91 

combustion chamber desi^s 84-86 
hypercycle combustion 

chamber, 86 
open combustion chmber, 84, 85 
precombustion chamber, 85 
turbulence chwnberi 85, 86 



Diesel fuel system, the-Continued 
die^l fuel, 82, 84 
cleanlinesi, 82 
ignition quality, 84 
viscosity, 82 
volatility, 82 
govefnors, 86-91 

causes of excessive speed, 90 
control of engine speed and 

power, 86 
danger of excessive speed, 90 
govern ors as safety de\ices, 91 
other classlfl cations of 

governors, 89, 90 
overspeed safety devices, 90, 91 
relation of governor to fuel 

system, 86, 88 
speed-regulated governors for 

diesel engine, 88 
spring4oaded centrifugal 

governors, 88, 89 
stopping fuel supply, 90 
Drive axle a^embly, 243-256 
axle housing, 244 
differential, 247 

drive axle maintenance, 249-256 

cleaning and inspecting, 253 

disassembly, 252, 253 

reassembly and adjustment, 253-256 
driving axles, 247-249 

full-floating axle, 249 

semifloating axle, 248 
final drive, 244-247 

double reduction final 
drive, 245, 246 

hypoid gear, 245 

spiral bevel gear, 245 

two-speed final drive, 246, 247 
Drive Unes, 240-243 

center support bearings, 242, 243 
Propeller shafts, 240 
umversal joints, 241, 242 



E 

Eleetric current, 148-150 

amperage and voltage, 149, 150 
conductors, 148, 149 
Insulators, 149 
reastance, 150 
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Electricity, automotive: part I, 148-177 

Engine construction, 28 

Engine lubrication sysUms, 138-147 

lubrication system components, 138-142 
oil filters, 140, 141 
oil level pge, 141, 142 
oil prciiure gage, 140 
oil pump, 139 
oil strainen, 140 
oil temperature regulator, 142 
lubrication system mMntenmce, 143-147 
flushing the syitem, 146, 147 
oil and filter chwge, 144, 145 
oil pump and relief 
valves, 145, 146 
servicing oil Unas, fittingSj 
and str^en, 145 
purposes of lubrication^ 138 
types of lubrication systems^ 142^ 143 
combination splash force-feed, 
143 

force-feed, 143 
full force-feed, 143 
splash, 142 

Engine measurements and perfonnances 22-27 
definitioni, 22^24 
enpne perfornianQes 25, 26 
linear measurements, 24, 25 
timing, 26, 27 

Enlisted rating structure, I 

Equipment, construetionj 331-383 



F 



Frame, vehicular, 257-259 

Fuel systems, 59-121 

cold weather starting^ 118, 119 

glow plup, 118 

prehaaters, 118 

starting fluid, 118, 119 
diisel fuel system components, 91*96 

fuerfllters, 91,92 

fuel gages, 91 

fuel injection, 93-96 

fuel supply pump, 92, 93 

fuel tante, 91 



Fuel systims-Continued 

diesel fuel system maintenance, 
119-121 
^r in fuel system, 120 
cleaning injectors, 120 
dirt In fuel system, 119 
semcing injection equipment, 
120 

testing fuel injection 
nozzles, 120, 121 
water In fuel system, 1 1 9 
fuels, 59 

gasoUne fuii system components, 61-81 
air cleaner, 77 
air induction and exhaust 

systenii, 77»81 
carburetor, 67-77 
fuel filter, 64 
fuel lines, 66, 67 
fuel pump, 64-66 
fuel tank, 62-64 
gasoline engine emisiions, 81 
me^odi of fuel injection, 96»1 IS 
Catei^lllar fuel 

injection, 96-102 
General Motors unit 

injection, 110-113 
Intemationd Harvester fuel 

Injection systems, 102-1 10 
the Cummins Pressure Time (PT) 

fuel system, 113-115 
properties of gasoUne, 59-61 
antitoiock quality and 

detonation, 60 
octane rating, 60, 61 
volatility^ 60 
superch^aiH mi turbochaj^ers, 116-118 
ttie diesel fuel lystem, 8 1-9 1 

combuitlon chamber dedgn, 

84-86 
diesel fuel, 82-84 
governors, 86-9 1 



G 



Gasoline fuel system components, 61-81 
air cleaner, 77 

air Induction and exhaust systems, 77-81 
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GisoUiie fuel tystam compoMnts--Continuad 

^buratorj 67-77 

iQQilariting pump 

cirQuitj 73j 74 
oarburetOT troubleSi 76, 77 
choke dreuitj 74-76 
float drciiit, 69, 70 
hi^-spead circuit, 71-73 
low-spied drcuit, 70, 71 
throttle, 69 

fuel filter, 64 

fuel lines, 66, 67 

fuel pump, 64-66 

fuel tank, 62^64 

psolina en^ne emissioiii, 8 1 
GasoUiie, properties of, 59-6 1 
^nerato^, 159477 

alternator, 172-177 

attemator disassimbly and 

testing, 176, 177 
alternator maintanince, 1 75 
alternator ou^ut control 175 

direct -current generator, 1 60^1 72 
generator repair, 1 64-1 72 
governor m^tenanca, 1 64 
governor output conttol, 1 6 1-1 64 



H 



Hea%o^-duty air compressors, 377-380 
compressor design, 377^380 
aftercoolOT, 379, 380 
inte f coolers, 379 
pressure conttrol iystem, 380 
receivers, 380 
Hydraulic brakes, 301-3 13 

brdce fltud distribution, 304 
disk brake assembUes^ 3 10, 31 1 
disk bmke lining 

repla^mantj 311 
disk br^es ^rridng, 3 10^ 3 1 1 
senidng caliper assemblies, 
311 

drum brake ^sambUas» 30S, 306 
drum brake sarvi^, 306-309 
mastar cylinders, 302*304 
i^rvicing hydraulic systems, 31 1*313 
wheel cylinders, 305 



HydriuHc system maintenande, 339-344 

filter maintenancai 339 

repairing leaks, 341-344 
extanisl leakagei 341 
internidledcage, 341-344 

raservoir maintanance, 340, 341 
Hydraulic systems, 331-344 

basic hydraulic iystem, 333-339 

hydraulig fluid, 331 

maintanaiice, 339-344 

multiplication of force, 332 

trariOTisiion of force^ 331, 332 



I 



i^ition circuits, 187-202 

ignition system maintenanQe, 194-202 

distrtbutor, 2O0, 201 

ipiition timing, 201 

spwk plugs, 194-199 

watetpreff ignition systems, 201, 202 
magneto Ignition iystem* 192, 193 

conimg-in speedy 193 

impulse coupling, 1 93 

types of m^etos, 193 
spark advance, 190, 191 

centrifugal advance, 190 

vacuum advances 191 
the batteiy ipution system, 187-190 

breaker camj 190 

OTndanser, 189 

contact points and cam^ 1 88 

distributor, 189, 190 

ipiition coil^ 187, 188 

primary circuit j 187 

secondwy circuiti 1 87 
transistorised l^ition circuits, 191, 192 
Inspections, mwntananca, 385-389 
daadttne inspections, 389 
operator*! inspactionSj 387, 388 
safety mspectionij 388^ 389 
type "A" PM inspections, 389 
type "B" PM inspections, 389 
type '*C" PM infections, 389 
Internal combustion engines^consfruction, 
28-58 

auxiliary ^semblies, 57, 58 
engine construction, 28 
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Inteniil combustion angmes— 
construction— Contmued 

momng parts of an engme, 37-57 
connecting rodsj 41-43 
Crankshaft, 43-46 
enpne bearingi, 55-57 
piston isienibly, 37-41 
timing gears ^ar tt^ains), 54 
valves and valve machanisms, 
46-54 

poM/er package concept, 58 
stationafy parts, 2847 

cianJccaiej 33, 34 

cylinder block conitructioni 3 1 

cylinder head, 3 1-33 

engine cylinder block, 28-3 1 

exhaust manifoL 34, 35 

gaskets, 36, 37 

intake manifold, 35 

seals, 37 

Intemal combustion engines, principles 
of, 12-27 



Lubrication— Continued 

dispensing lubricants, 410 
engine and enpne accessoiy 
lubrication, 411-413 
air cleanir service, 412 
disttbutor service, 413 
generator iemce, 413 
manifold heat control valve 

service, 412 
oil filter service, 411,412 
radiator fan service, 413 
powr trdn lubrication, 415, 416 
clutch service, 4 1 5 
differential service, 416 
drive shaft service, 416 
trananission service, 4 15^ 416 
universal joint service, 4 1 6 
running gear lubrication^ 413-415 
brake service, 413, 414 
steering gear sendee, 413 
wheel beailng semce, 414, 415 



M 



ting drcuit, 202-207 
circuit breakers, switches, and 

fuses, 207 
headlights, 203-207 

using headlight tester for 

checWng headUghts, 206, 207 
using screen for aiming 
headlights, 204, 205 
lamps and bulbs, 202, 203 
liquid- woling system, 124-131 
coolants and mtifree^e, 131 
fan and shroud, 1 27, 128 
overflow tank, 130 
radiator, 125, 126 
radiator pressura cap, 126 
temperature gage, 130, 131 
thermostats, 128-130 
water jacket, 128 
water pump, 126, 127 
Lubricating md cooling systems, 1 22-147 
Lubrication, 408-416 

body lubrication, 410, 41 1 
chasds lubrication, 4 1 0 



Magnetism, 150-153 

electromagnetic induction, 152, 153 

etectrom^netism, 151, 152 

mignetic field, 150, 151 
Maintenance, 384-416 

lubrication, 408-416 

body lubrication, 410,411 
chassis lubrication, 410 
dispensing lubricants, 410 
engine and engine accessory 

lubrication ,411-413 
miscellaneous lubrication, 416 
power train lubrication, 415,416 
runmng gear lubrication, 413-415 

maintenance administration, 384-400 
categories of maintenmee, 

384, 385 
equipmint history jackets, 395 
inspections, 385-389 
labor reporting, 3? 8400 
organization, 395-398 
PM Ricord Cards, 389, 390 
repair orders, 390-395 
scheduling, 385 
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Maintenanw-Contmued 

maintenance supporti 400-4D8 
repair parts control, 404408 
repair parts support, 400^403 
requesting spare parts, 403, 404 
using part numbers^ 404 
Maintenanae of track and track frama 
assemblies 366-368 
inspection^ 367 
lubrication, 366, 367 
maintananca tips and indicators for 

tractors, 368 
shop repairs, 367, 368 
track adjustments 366 
Methods of fuel injection, 96-1 1 5 

CaterpiUar fuel injection, 96-102 
governor operation and 
adjustments, 98-101 
renioval of injection valves, 96 
servicing injection pumps, 96-98 
sleeve metering fuel pump, 
10M02 

General Motors unit injection, 110-113 

aquallMng injectors, 1 1 1 ^ 1 1 2 

governor^ 112, 113 

injector timing, 1 1 1 
Intarnational Harvester fuel injection 
systams, 102-1 10 

fuel injector-817 sariasj 

109, no 

Roosa Master fuel injection 
pump, 102-109 
the Cummins Pressure Time (PT) fuel 
system, 113-115 

fuel pump, 113 

governor, 113-115 

injectors, 115 
Metric System, the, 41 7^19 
Moving parts of an engine, 37-57 
connecting rods, 41-43 
crankshaft, 43, 46 

engine flyvvheal, 45, 46 

vibration dunper, 45 
engine bearings, 55-57 

bearing lubrication, 55, 56 

bearing materials, 57 

bearii^ faquiramants, 57 
piston ^embly, 37-41 

piston pins, 39, 40 

piston rings, 40, 4 1 
timimg gears (gear trains), 54 

ERIC ,4 X 



Moving parts of an engine— Continued 
valve and valve mechanisms, 46-54 
cun^aft, 46 
checking rocker arms, 53 
checWng valve springs, 53, 54 
engine valves and valva seats^ 47 
followers, 46, 47 
reconditioning valves and valve 

seats, 47-50 
valve guide service, 5 1 
valve seat service, 52, 53 

Multiple-cylinder engines, 19 
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Navy EnUsted Advancement System, the, 3-10 
how to prepare for advancement, 7 
NAVEDTRA 10052, 8 
quaUfying for advancement, 3, 4 
Personnel Advancement Requirements, 
7,8 

rate Gaining manuals, 8-10 
who wHl be advanced?, 4, 7 
NCF Automotive Equipment Inspection 

Guide, 420'424 
NCF Consteuction Equipment Inspadtion 
Guide, 425^31 



O 



Organization, maintenance, 397-398 
cost control clerk, 398 
crew leader, 398 
inapectorij 398 
maintenanGe supervisor, 397 
PM derk, 398 
diop super^liori 397, 398 
technical librarian, 398 



P 



PirMng brakes, 300, 301 
Pivot brakes, 360 
Planetary steering, 358*360 
Power package concept^ 58 
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Power shift and automatie franmissions, 344-358 
automatic transmissions^ 358 
fluid coupling and torque convertir 

oparation, 344, 345 
hydrauHc torque convarters 345-347 
powsr shift trrnismisslons, 347-358 
tbrwM-d and rivene hydraulic 

clutch oparation, 349-351 
gear shifter machanism, 351 
planatary gaar setSj 356-358 
Powar tokeoffs, 239 
Power trains, automotive, 21 7-25 6 
Preparation for advancament, 1-11 
. anlistad rating structure, 1 
sources of information, 10, 1 1 
commarcial publications, 1 1 
government publiQatlons, 10, 11 
publications you should 

Imow, 10 
training films, 1 1 
the Construction Machanlc rating, 1-3 

types of biUets, 2, 3 
the Navy Enlisted Advancament 
System, 3-10 

how to prepare for 
advancement, 7 
NAVEDTRA 10052, 8 
Personnel Advancement Require- 

mants, 7, 8 
qualifying for advancement, 3, 4 
rata ti'aining manuals, 8-10 
who will be advanoed?, 4, 7 
PrinQlplas of Internal combustion engines, 12-27 
basic enpne strokes, 14-17 
compression stroke, 1 5 
exhaust stroke, 17 
in take stroke, IS 
power stroke, 15, 17 
classification ofanpnes, 19-22 
aiTangement of eyUnderi, 

20,21 " 
gtsolina enpnes vs diesel 

engines, 19, 20 
operating cycles, 20 
valve airaTigement, 21,22 
combustiop erigina, 12s. 13 
developmeii^ of power, 13 
engine cycles, 17, IS 

4-strok^t cyoiif vs 2-stroke 

cycle, 17, 16 
2-itrote cycle ftiidne. 1 7 



ftindples of intemd combustion 
enginei— Contmued 

angina measurements and performmice, 
22-27 

deflnitions, 22-24 
engine perfornisnce, 25, 26 
linear maasurements, 24, 25 
timing, 26, 27 
multipla-cyUnder engines, 19 
Properties of gasoline, 59-61 

antiknock quality and detonation, 60 
octane rating, 60, 61 
volatility, 60 
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Repairing cooling system goniponents, 135-138 

fan and bait, 137 

hosess 136 

radiator, 135, 136 

tharmoitat, 137, 138 

water jacket, 135 

water pump, 136^ 137 
Repair ordan, 390-395 

equipmant repair orders, 39 1-395 

shop repair orders, 390, 391 
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Scheduling maintenance, 385 
Service brakes, 301 

Servicing the llquid^oollng system, 131-135 
cleaning and flushing, 131, 132 
cooling system testing, 133-135 
preventing rust, 132, 133 
uting antifraeie, 133 

Sources of infonnation, 10, 1 1 
commercial publications, 1 1 
government pubUcations, 10, 1 1 
Gaining films, 1 1 

publications you should know, 10 
Starting circuits, 178-187 

seriai-paraUfl starting circuit, 183^ 184 
string circuit maintenance, 1 35^ \ 87 

batter}^ capacity test, 186 

stsrtar removal and 
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Starting circuits-f Continued 

stgrtlng metorj 1 78-1 83 

starter engaging mechanlsmi, 181 
starting motor construction, 179^ 180 
stating motor cont"ols5 182, 183 
typei of starting motors, 180, 181 
Stationary partSj internal combuition 
enpna, 28-37 

crankcasaj 33, 34 

cylindar block construction^ 3 1 

cylinder head, 31-33 

engine cylUider blocks 28-31 

exhaust manifold, 34, 35 

gaskets, 36, 37 

uitake manifold, 35 

sealSj 37 

Steering mechanisms and wheel alinement, 
280-290 

cam and lever steering gear, 280, 281 

hydraulically assisted stearing, 281-284 

steering system maintenanQe, 284, 285 

wheel allnement, 285=290 
steering and allneinent 

troubles, 287-290 
steering geometryj 285-287 

worm and roller steering gear, 280 
Storage battary, 153-15? 

battery gapadty, 154 

battery chaigings 155^ 156 

constant current charging, 155, 156 
constant voltage charging, 156 
good charging practicei^ 1 56 

battery construction, 153s 154 

battery mdntanance and testing, 158, 1 59 

battery ratings, 154, 1 55 

battery shop safety^ 1 59 

placuig new batteries in service, 157, 158 

self-discharge, 156, 157 
Superchargers and turbochargers, 116-118 
Support, maintenance, 400408 

repair parts control, 404408 
DTO log, 404406 

repair parts summa^ sheet, 406408 

repair ts support, 400403 

categoric of repafr pvts, 401 
COSAl attangement, 401403 
levels of support, 401 
maintenwce of muiuals, 403 
technical manuds, 403 

riquesting spare parts, 403, 404 



Suspension systems, 259-265 
shock absorbers, 263, 264 
springs, 259-263 

coil ipringi, 261-263 
leaf iprings, 259-261 
torsion-bar, 263 
spring, shock absorber, and frame 
maintenance, 264, 265 



T 



Tirei, 266-280 

changing the tire and wheal, 268 
consb'Uction, 266-268 
mwldngi, 268 

preventive rnaintenanca, 276-279 
removal and rep^cement (tubaless), 27 1 
removal and replacement (tube typa), 
269-271 

removal of large earthmoving tire, 

271,272 
repair, 274, 275 
rotating tires, 275, 276 
tube repair, 272-274 
wheel balancing, 279, 280 
Tracks and track frames, 360-366 
track assambly, 360-363 

track chain, 360, 361 

track shoes, 362, 363 
track frama, 363-366 

adjusting mechanism, 364, 365 

front idler, 364 

recoil spring, 364 

ttack frame rollers, 363, 364 

track guiding guards, 365, 366 
Tmnsfar cases, 236-239 
Traniinission, 227-236 

auxiliary ttansmisaons, 23 1-234 
constant mesh fransmlssion, 227 
synchrometfi transmission, 227-23 1 
transmission overhaul, 235, 236 
transmission troubleshooting, 234, 235 



V 



mmx 



Vf 



Wheel aUnemant and staaring machanisms, 

280^290 
Wh^ls and riins, 265, 266 
Mjighes, automotive, 256 
Wrt rope, 36M77 

attaclments, 375-377 



Wire rope— Continued 

composition and charieteristics, 

369-371 
handling and care, 371 J 75 

Wiring dreults, 207-210 

electfical doubles, 207, 209 
one- and two-wire circultij 209 
wiring color codis 209, 210 
wring diagfanii, 210 



CONSTRUCTION MECHANIC 3 & 2 

NAVEDTRA 10644-G 

Prepaid by the Naval Edaaatien and Training Progrwn Jtevelapmant 

Canter , Pen© adola , Fl©ii da 



Your NPCC Qoritaini a lat o£ assign^ 
Mnts and s@lf^S€ofing answer ihtets 
(packaged saparately^} « ^ha Rate T^aininf 
Manual r eOHiTRUCTION MECHANIC 3S2, 
HATODrrmi 10644^G , la your tei^tbosk for 
the NBCC* If an erfata sheet Gormm with 
the H^C f. inaka all indicated ^ugas or 
oarr@ Galons « Po chanfa oz €orri€t 
the Mk^qq}^ mBsLqimmn^u in My other 
way * 

HOW TO COMPLETC THIB COURSE iUCCTSSRJLLV 



higher* If you are on aetive duty, the 
average of yoite grades in all misign- 
m#nts tmrnt be at least 3,2, If you are 
WT on active duty * the average of yoiar^ 
grades in all aseignrfients of each 
orediti^la unit niust be at least 3.2. 
The luilt breakdown of the eourse^ iff 
any# is showii later mder Kaval Resarve 
Retitamiiit Credit* 

VVHEN YOUR COURSE IS ADMIT^ISTERED 
BY LOCAL COftMAND 



Seudy the textbook pagee given at As soon as you have finished an 

the beginning of aaeh asBigninant bafora assignHiint^ subsri.t tha nmpleted ielf^ 

trying to answer tht items, pay attention sooring answer sheet to tha offiear 

to tafiWs and lllustratlona as thev designated to atainister it* He will 

oontain a lot of infonnation, Haking ^our ohe^ tiie aooura^ of your saore and 

wn drawings can help you undarstaild the disouis with you the itemi that you do 

subjeat natter. Also, read the learning not underatand, Vou mty wish to racord 
Qbjeatives that preeede t^e gets of ittwi , your saore on the aislgninen-t itself siMa 

TOe learning objeatives and itemi ara the self-iooring answir sheet is not 

based on thm #\^jaot matter or study returned, 
material in the textbook. The objectives 

tell you what you should be able to do if you are oomplating this MRCC to 

by studying assigned textual material beoome eligible to take tte fleetwide 

and ansverihg the items. advanoement exmlnation, follow a 

sohedule ttiat will enable you to complete 

At this point you should be ready all aisignniinta in time, your schedule 

to answer the items in the assigniMnt- should eall for the oompletion of at 

Bead eaoh item earefully, Selaot the least one aisignMnt per month. 
BlSf MiHBR tot eaah item, uonsulting 

your te^itbook when neeessary. Be sura Although you Mmplate the oourie 

to seleet the BBSf AKSv^R from tha suooess fully , tte Kfaval Eduoation and 

•ubjeot matter in the textbook- ifou may Training Program Developnajit Center will 

dlBOUds difficult points in the oourse ntst issue you a letter of satisfactory 

with others. However, tte answer you oompletion* Your oomnaftd will make a note 

Seleqt inust fee your owri. Use only tha in your service reoord, giving you aradit 

•elf'^sooring answer shaet designated for your work, 
for your assigninent. Follow the sooring 

direGttons given on tii© answer sheet Vl^^ YOUR If ADMIHISIE^D 

its#lf md alsewhera in ttis eourse. BYiraMAVALmUCAllOFI ANDTOADWO 

FROOR>M DiVELOPNfl^ CEMTOR 

Your KrCC will ba aditdnistarad by 
your eoTOiMd or^ in the oase of small After finishing m assignMnt, go 

sosonands, by the Naval Eduoation and on to the next, Betaiii aaoh oompleted 

Training Progrm pevelopeiarit Center, self^sooring answer sheet until you 

No Mtter Who adrainistprs your eousse finish all toe aflsignments in a luilt (or 

y©u o« TOsplete it suogesefully by in the oourse if it is not dividad into 

•arning gradas tfiat average 3*2 or mits) . Using the anvelopes provided^ 



g:inall your ieli-seered anawM sheets to the 

|: N3val BdueatlOT ui4 Training Program 

1", Devalepmant Centti ^he« tiie aeoras will 

pbe verified tod reMrdad* Hake siare all 

V blanks at tiii top of eaeh tuif^er shaet 

e ars filled In. Unlets you fyrnlsh all the 

t:^lafQCinmtion Xmquixm4, it will ba 

■ impossible to give yo\i oredit for your 

y^otH, You may wiiH t© record y^ur soores 

on the assigjiinintfl tlnee the Self^sqoring 
,;:aniwer sheetfl are net returmd* 

Tha Naval Bdueation and Training 
. Program DevelDprtiint Center will issue a 
/-lettar of sattsfactcry oomplation to 
T certify sueaessful eompletian of the 
'/eoursa (or % orsdit^le wit of the 
^ourBs) , To arecaivi a dourse-eonpletion 
letter, follov thm diraotioni given on 
tha course-eomplition form in tJie back 
I on this NRCG. 



NAVAL RESERVE RlTmEMENT CmOVT 

Thli course is evaluated at 18 Nival 
Raserve retirement pointe, These pginta 
are oraditabla to personnel aligihle to 
racaiva thciui un-^er currant diraotives 
govarninf retirement "of Naval Reserve 
personnel* Points will ba creditad in 
units upon satisfaotory Gomplation of 
the aaslgnnenti as follows s 



Units 

I 
2 



Points 

12 
6 



Asilgnmanta 

1 through 8 
9 through 12 



Cradlt Cannot be given again for this 
CQurie if tha itudent has previously 
reeeived credit for complating another 
Construction Mechanic NRCC or ECC. 



You may keep toe tmtthmh and 
•"assignmants for this CDy»'!^^i = ^^-^turn ttem 

gflj^ in the aveat you diMmn^Qtl from tha 
. course or otbewise tB.'iW ^-n complete the 
^^oursa* DireatlDns fcr mtu^atng the 

ty^ctbook and ^ssignnianti are given on tha 

book -return foanti tn the baek af this 

mCQ • 

PR£MRING FOR YOUR ADVANCENCENT 
EXAMINATION 

t 

Your axamiriatlon for advaneament 
based on tha MaAua^ of Naval BnXiated i 
Manpower Persomel Classif ioatif^ns and 
ocdupational Standards (NAVPEW 18068D) . 
The sources of questions in this axami^ 
nation are given in the Bibliography 
fo^ Advancement Study (NAVBDTRA 1O052) * 
vSince your NMd aftd taKtbo^pk are among 
the souroas listed in this bibliography, 
be sure to study both in preparing to 
take your advaneainen,t examination* The 
qualifications f©r your rating may have 
ehanged since your oourae and textbook 
wera printed^ eo tafer to tha latest 
editions of MAVPBRfi ISQiB and mVBDTRA 
10OS2. 



COURSl OBJECTIVE 

In eomplating this NRCC, you %^ill 
demonstrate a knowledge of the subject 
matter by aorraetly answering items on 
tha following I career development i 
Qparating principles, oomponant 
funetiona; and maintenance procedures 

sys tenia F cooling systems and 
iubrioatl^0 ©yetems of internal 
co/nbust£on enflnas; electrical systems, 
powm: traini^ luspansion systems # and 
brake syatenig common to automotiva^ 
materials^handling^ and oonstruction 
equipment I and prlnaiplas and teohniquai 
of preventive malntenanoe. 



^ila Working on tldla nonrasidaxit 
career oourie, you may refer freely to 
the text* You may seek advioe aM insfcruo- 
fcion from others on problems ari^inf in 
the ooursa, but the solutions tutaltted 
Bust be the raault of your oto work and 
cieoisictfig. you are prohibited from ra^ 
firring to or copying the solutions of 
otheffs, or giving completed solutions to 
anyone elga taking the same course. 



EKLC 



Naval nonristdint caritr cdursii may Includi a viHity of It^s rultlplt-choici, tru^^filigj 
iMtchlng, ate. The Itinii art not grouped by typii rtgardltsi of typt, thty art prestnted In tht same 
ginafil itqugnci as the ttxtbook matiflal upon which thty art baitd, Thli prfsfntatlon Is d€s1griid 
to pfistfvg eontfnulty of thoughti pirmlttlng stip-by*stap davelopinent of idias. Some courses u§i 
many typas of itemsj othirs only a fiw, The studtnt can raadny tdentify tht type of iach (ind 
the action f#qu1rid of him) through Iripietion of the samples given below. 

HUITIPLE-CHOICE ITEHS 

laeh iteni csntalns leveral alt^mtlviSs ona of which provides tht best aniwef to the Itwi, 
Silict tht best altirnatlve and arait tht appropriate boK on the answer sheet. 



SAMPLE 

Tht first persen to be appointed Secritary of Defenie 
undtr thi Natlcnal Seeurlty Aet of 1947 was 
L George Marshall 

2. Jamas Forrestal 

3. ChiStir Hlfiiitz 

4. WHllaRi Halsey 



Thi traiure of a corraet answer Is In- 
dicated In this way on tha answer sheet: 



TRUE-FALSE ITEhB 

Datifnilna If tht itattntent Is tryi or falsi. If any part of the statement Is falsi the stati- 
mint 1i to bi consldirtd falsi. Erase the appropriate box on the answer sheet as Indlcatad balcw. 



SAMPLE 



Thi erasurt of a correct answer Is also 
indicated In this way on the answar 
sheet I 




i-2t Any naval offlcir Is authorlatd to corrts 

officially with a bureau of the Nayy Dtpartniint 
without hii conniandlng officer's endorsaminti 

WTCHING ITEI^ 

Eaeh Sit of items conslsti of two colyninit each listing wor^i^ phrasis or stntencis. The task 
is to selict the Item 1n colyiiin B which Is the belt match for the Item 1n column A that 1$ being 
consider^, Itanis in column B may ba used oncti more than orteei or not at all. Specific instructions 
art given with aaeh set of it^s. Select the numbers identifying the answers and erase the 
appropfiit^ boxes on the answer sheet, 

SAMPLE 

In ftams s-3 through s-Sj. match the namt of the shipboard officer In column A by salictfng from 
coluiiin B thi name of the departmint in which thi officer functions. 

A. Off lean 



1*3* Damage Cdntrol Af distant 
s-4. CIC Officer 
s-S* Assistant for Disbursing 
s-6. Comnunlcatlons Officer 



papartmants 
i* Operations Department 

2. Englnaartng Departniint 

3. Sypply PipartMnt 



Thi erasure of a correct answer Is In- 
dlcatad In this way on the answir sheet i 




How To Scora Your iranadl ate ^owl edge of Results (I KOR) Answer Sheets 




tow TOTAL tht Ci 
bottoni of ELACH inswir ihitt. 



Total the fiunibar of In- 
corraet erasures (thosa 
that I how piga numbers) 
^^for aach Itim and place 
in tha blank spaca at 
' 1 r tht end of aach Item* 



Sampla onl 


y 


Mumber of boxes 
erased Incorrectly 








Your score 


4.0 i 











s) of fficerrict erasures and find your score In the Tablt st the 



NOTICE. fn„^^w pg, « page numbir appeirs, rtvltw twt sttrtlng on tNt page and eraie again 
until C', CCS or "CCC" appiirs. For coursii admlnlstirid by thi Csnter. the maximum 
"»^H fMsurfi) win be deducted from each Iteni wh 

i 'C, 'CC", or "CCC" uncovired (I.e., I pts. for ?our cholci Itemi, 2 pts. 
ftenig, and I pt. for T/F Items). 



which does NOT have 
for thfei cholet 



Assignmenf 1 



Preparation fog Advancemanti Frlnciplifl of Intemal C oabuatlon Enginai 
Textbook, KAVIDTRA 10644-C: Pages 1-27 



In thla coutse you will denDnitrate that learniiig has taken place by eorfeetly aniwirini 
Cralning Items. The mere physleil act of indicsting a cholee on an aniwer sheet Is not In itsalf 
iinpartant; It Is the siental achleveraent , In whataver form It may take, prior to the physleal aot 
that Is Iroportant and toward which eourae learning objectlvei are directtd. The seaection of the 
cornet choice for a course training Item indlcatea that you have fulfilled, at least In part 
the stated objectlva(s) , , i 

The deeompjighfflint of certain ohjectlves, for eacafflple, a phyfllcal act iuch as drafting a 
memo, cannot readily be datemlned by aeans of objective type course Itensj however, you can 
demonstrate by weana of answers to training iteme that you have acquired thi requlilte knowledge 
to perform the physical act. The aceoapllslMent of certain ether leaming objectives, for 
eKampli, the mental acta of comparing, recognising^ evaluatini, choosing /aalec ting, etc/ 
be readily demonstrated In a course by IndlQatlni the correct answers to trainlni Items. 

The comprehensive objective for this CQurse has already been given. It statai th. 
of the course in tertap of what you will be able to do aa you complete the course. 

The decall^d objectives In each iSelgnmeiit atate what you should accomplish as you progress 
through the course. They may appear singly or in clusters of closely related objectives* as 
appropriate; they are followed by items which %*ill enable you to Indicate your accomplishment. 

All objectives In this course are liaming eblectives and items are teachin g Itenis. They 
point out Important things, they aastst in learning, and they shouid enable you to do a better 
Job for the Navy* 



may 



e purpose 



This self-study course Is only one part of the total Navy training programi by its very 
nature it can take you only part of the way to a training goal. Practical experience, schools, 
selected reading, and the desire to aecofflpllsh are also necessary to roimd out a fully meaningful 
training program. 



Leaming Objeetivei Identify 
skill requlriiBintiJ and NEC's 
applicable to the Construetton 
Mechanic racing. 



1-2, How is the MQ coding systis used? 

1. To facilitate maagemant control over 
enlisted skills 

2, To identify billets and personnel 

3. To insure maaslmOT skill utilization 

4, laeh of the above 



i-1* A general rating is laed to identify a/an 

1. individual's job qualifications 

2* specialty uaid in wartime 

3. broad field of related duties 

4, Individual's performance 



tn itmm 1-3 through 1^6^ seltec froa eolum B 
the tltlt and KEC eod^ discrlbad In eolima A* 



1-3 « Adjufltj anaXyis^ 
and repair auco^ 
QOtivei staterlals 
hand ling, and 
conatfuetion 
iqulpment ^lec^ 
trleai sjsti^ 

Maintain j rapalri 
adjust, and ovBt-^ 
haul dlasel an^ 
glneg ,over 600 
hotsgpowsr 

1-5 « TrQubliihoot, dli* 
mantla^ rtpalrp 
and reasset^lt 
torqua convartar 



B, Title and NIC 
Coda 

1. Autpmatla Tfana-* 
ala g tan /Hydrats-^ 
11c Systeai 
Machanlei OC-SSOl 

2. Aucsmativa Elae-^ 
trleal Taehnlslan^ 
CM-580a 

3. StaelgiiaFy Dlssel 
Englna MachanlQ, 
QI-5804 



1^10 i AsBisa you have baan aaslgQed ahora duty 
at a station which has a fully gtaffid 
public works departmant. To whieh of the 
following Jobs aould you be asslgnad? 

1* Kaster^ac-aima force 

2* iptelal sirvlcea 

%t Salvage yard 

4« Each of Che above 



Learning Objectivai Explain f actors 
relating to qualifying and preparing 
for advancement » 



l-ll, tJp-to=data changas in the Navy advanGemant 
systan may be found In what publication? 

1. NAVPERS 18068 

2. NAVEDTM 1Q653=F 

3. BUflRi Notice 1418 

4. BUPEIS NDtlce 3607/1 



1^6 p Diagnose and 
rapalr m1= 
functioning 
hydraulic pi^pSg 
valvasj cylindargf 
and rams 



Leaming ObJacCiva; indicata 
flone posalbla duty assigmsinca 
for a Construction Haehanic, 



1-12, Which of the following requirements for 
advancement nay be waivad If you have 
cospleted an approprlace Na^ school? 

1. Recommendation by the commanding 
officer 

2* Length of time in pay grade requlrad 

for advancement 
3* Complition of the appropriate NECC 
4« Fasiing of a military/ leadership 

ex^ination 



1^7* As a CM you probably will n^er be 
asslgnad duty to 

1, an amphibious const ruction battalion 

2t a ahip*s cofiipany 

3» a datachment of a naval mobile 

cons true tion battalion 
4, the fleet eonstruetion force 

1^8. As aerated Construction Kachanic In a 

naval mobile construetion battalion i you 
will be asaignad to 

g 

1. A company 

2. B company 

3. C company 

4. D company 

1-^9, If you vera usigaad duty to a shora 
activlcyp you would Mat llkaly ba 
assigned to tha 

It. construction battalldn malntananca 
unit 

2. cans cruet ton forca htadquartara 

3. public woifka departsint 

4. reiimantal headquarters 



1^13 « Military /laadarship axaminationa are 
based on 

1« occupational standards 
2* professional experience 

3. naval standards 

4. personal knowledge 

^ In answaring Itams 1--14 through 1-17, 
refer to textbook figures 1-1 and l'^2# 

1^14 9 Which of tiie following Is a requirement 

for an active duty Constfuctionman who Is 
seeking to advance to E4? 

1, Class A schooling 

2» Eight years total sarvice 

3« Three years of sarvice In grade 

4« Racoflmandation of comanding offlcar 

1^15 • Which of the following la a requirement 
lor advancami&t from €M3 to CM2 for a 
Construction Mach^ic on active duty? 

' 1. Serve 12 inonths in grade 

2, Complete class B school 

3, Serve a total of 8 years 

4* Sa^e a total of 48 BOnths at sea 



2 



i^-lfi. Authort^atiDns for advaiie^mmnt of acclve 1*23 • 
duty paraofiQil from E3 to 14 or tt&m B4 
CO 15 art iseued by which of the followlDg? 

1. Comasding officers 

2p Dlstrlot epsoandants 

3, HAVIDTWRODIVCEH 

4t Bureau of Naval pgrsonnel 

1^17. In masting advaiiQement rtqulremint of 14 
days of total training duty In grade, a 
^13 on Inaetl^a duty nay subititute aetlve 1^24* 
duty tlme« 

1-*18, Of the following factors g which Is used 
to select from persons qualified those 
who will be advanced? 

Ip Ix^^nation score 

2* Length of tlma in service 

3* PerformaAce evaluation 

4« Each of the above 1-25 « 

1^19. When only a few vicanelei are to be filled 
from a large number of cindldatiSt which 
of the following factors determines who 
id.ll be advanced f 

1« Final multlpli 

2* Proftsiional knowledge 

3t ferforoance evaluation 1^26, 

4« Seniority among candidates 



The n«yal staQdards publiihed in the 
HaoUAl of Ifillsted ^npowir and PerionneL 
Classifications and Occupational Standardf 
are requlrementa that apply to which of 
the following? 

1* One particular rating only 
2* The CM ratln| only 
3« Shlpboafd ratings only 
4< All ratings 

When praparlng for the CW2 ^avy-^^wldi 
adv^eement mscaninaclonj j> ^3 should 
eKpect to be tested on Chi occupational 
standards for 

1, CM2 and Oa only 
a. Q!3, 0(2, and cm 
3« ON, and CM2 

4* QI2 only 

What section of the Personnel Advancenent 
Requirement (f^) for 0^-s deala 
primarily with an individual's ability 
to perform prescribed tasks t 

1. I 

a. n 

3* III 

How often is the Bibliography for 
Advancement Study {NAVEDTBA 10052) 
rsvtsed? 



Learning ObJ active i Indicate sources 
of Information and study practices 
that will assist the Conitructlon 
Mechanic In profess lonal develops 
ment. 



In answering Items 1-20 through 1-22, select 
the publication fron coIuki B chat is a source 
ol Che information in coIumi A« 



A* Inioygaiion 

l-'ZO. Requirements for en^ 
listed skills appli- 
cable to each rate 
within the CM rating 

X^21» Publication aumber 
and title of the 
latest edition of 
a given. Ka^ traln^ 
Ing sanual 

1-22. Title of refer- 
ences used for 
source ^Cerlal 
for advancement 
exi^natlons 



B. _ Publications 

1p Manual of Navy 
Enlisted Itan- 
power and 
Personnel 
Classifications 
and Occupational 
Standards 

2p Bibliography for 
Advancement 
Study 

3« Naval Training 
Bulletin 

4. List of Training 
JManuals and 
CorfeAOcitideTice 



1 * Quarcirly 
2 9 Semiannually 

3, Annually 

1-27. Which of the Tate training tsanualg listed 
In NAVEDTRA 1O0S2 for your rating must you 
coiplete CO become eligible to take the 
Navy^wlde admncimient exmlnation? 

1^ All manuals listed for the Occupational 
Field 13 

a« All manuals listed for th# ne^t higher ^ 
rate 

3» As terislcid ^auals listed for the 
next higher rate 

4. UniBarked santials listed for the next 
higher rate 

1--28, Before study lag your rate training oanual, 
you should study the occupational stand'- 
ards for Construction Heohanlcs. 



1-29, Which ©f tha folloifiag hlflts for studylni 
yoti g#C Che QiosC froA youv 
Na^ Crainiog course? 

1* Davott your tl^ exeluiively to la- 

portant allicaEy Copies 
2p Try not to cover a coB^leta unit tn 

any one study period 

3. Omit easy materiali study only the 
Bost difficult and the unfwiliar 

4. ^ke notes as you study, particularly 
of the sain Idesis thsn review your 
notes 



1-30, 



1-31* 



1-32. 



A reliable Indication that you have 
nascered the subject matter froa a chapter 
in a Navy training eourse Is your ability 
to 

1* express In yeur own words the mmin 

points of the sub j eat 
Zi quote word f©r word passages from the 

chapter 

3, memorlEe pertinent dates * Cables o£ 
weights and measures^ and other facts 

: 4. ask Intelligent questions about the 
subject 

You can keep sbreaiC of ntw development i 
that afftet yoUi your work, and the Na'^ 
by being able to 

1, colleet personal copiea of peftiniat 
cechnical manuals 

2, complete all enlisted eorr^spondence 
eoursaa that pirtaln to your rating 

3* find up-to^datt Information ^nd check 
that which pertains to your rating 

4, complete all enllated correspondence 
CQurses that pertain to the construe'- 
cion ratings 

To Insure that the Kaval Facilities 
Engineering Comnd publications that you 
are using are up-to-date ^ you should con^ 
Suit A 

NAVFAC F-34f or DA fAM 310-4 
Thla publicatloh is updated 
B 

annually or semiannually 

1, (A) NAVfAC (B) annually 

2. (A) NAVFAC P-349| (B) semiannually 

3, (A) DA vm M0-4| (B) annually 

4. (A) DA ?m 3lO"4| (B) iemiannually 



Learning Objectlvei lecognize 
operating principles of an 
internal combustion engine and 
indicate various parts of this 
engln%^ 



1-33 s An Internal combustion engine is a machina 
that 

1* uagg heat to create mechanical energy 

2. cofl-^erts heat energy to mechanical 
energy 

3. converts ttechanical energy to heat 
energy 

1«34* ^^st forces the piston downward during 
operation of a gasoline engine? 

1* ConipreaslQn of the fuel-air mixture 

2. Intake of the fuel air=miKCure 

3« E^cpanilon of the heated gases 

4* E^tibauit of the waste gases 

1-35, Reclprooaclng motton Is changed to rotary 
notion in the combuatlon engine by means 
of a 

1* piaton pin and a connecting rod 

2. flywheel and a crankshaft 

3* cylinder and a piston 

4# crankshaft and a connecting rod 

1^16, P^lch of the following basic parts are 
Included, in the 1-cyllnder eag^e? 

1* Cylinder 8 camshaft valve, pis ton i 

piston plttj connecting rod^ and crank» 
shaft 

2* Cylinder f valve, piston , piston pin, 
connecting rod, and crankshaft 

3* Cylinder, pis ton* piston pin* connect- 
ln| rods and crankshaft 

4* Cylinder, pis ton* connecting rod, and 
crankshaft 

1^37, ^at la the ratio of crankihaft revolutions 
to piston strokes in a l-cyllnder engine? 

1. 1 to I 

2. 2 to 1 

3. 1 to 2 

4. 4 to 2 > 

1^38. The mov^nent of thm Intake and esdiaust 
valves of an internal eonbustlon engine 
is contifollad by the 

1, balance shaft 

3. conntciting rod 

4, era^kahaft 



EKLC 



1-39. 



1-41, 



j^tah oi tht followtng tvincfl occurs 
during the second stroke In Che saquense 
of setokeg for ehe 4-stroke cyele engine? 

1* The piston toovea downward 

2, Thm waste gasei are exhausted 

3, The mlr-fuel mlKture la eempressed 

4, The air- fuel wiHture Is ignited 

At what point in the cycle of a 4-»strpke 
dyole engine does ignition occur! 

1. Beginning of the caDpression stroM 

2. End of tJie compreislon ecroke 

3. Beginning of the intake stroke 

4. During the power stroke 

During ^Ich stroke In the operating 
cycle of a 4'^sEr0ke cycle engine la the 
greatest force exerted on the piston 
head? 

1, intflkt 

2» Cosprtsslon 

3. power 

4, Exhaust 



In Items 1-42 through 1-44, select from colunm. 
1 the comblnstion of piston movement and valve; 
conditions that occurs during the basic engine 
stroke in coiumn 4, 



Strokes 



I^iston Movements and 
yalvi Condi ttona 



1-42, Compression 
1-43* Power 
1-44, Ixhaupt 



Piston moving upj 
haust valve openj In-^ 
take valve cloied 

Piston moving up| 
haust and intake 
valves closed 

Piston moving 4own| 
intake valve open, ex- 
haust valve closed 

Piston moving daimi 
exhaust and intake 
valves closed 



1-45. In what order do the etrokes of a 
4-stroke cycle engine oscur during 
operacion? 

1. Compression, powers exhaust , Intake 

2, Compression, pQ^^Ts intake, eKhaust 
3# Intake, CQmpression, powers eKhauet 
4, intake, eompression, eriiaust, power 



i-46# A piston in a 4-stroke cycle engine makes 
four strokes during each 

1, crmkaliaft revolution 

2, engine cycle 

3, petlDd of two combustion cycles 
4p cycle of two events 

1-47, Which cif the following stateisants is TRUE 
concerning the operating cycle of a 
2-stroke cycle diasel? 

1* The exhaust valves and Intake ports 

sre never open at the eame time 
2, ^e exhaust valves rimatn open until 

the piston reaches top dead center 
3* The inlet ports are uncovered after 

the exhaust valves open 
4* The Inlet porta are uncovered whan the 

plifcon reaches bottom dead center 

^1^48* By what means are burned gases cleared 
from the cylinder of the 2-stroke cycle 
dlesel engine? 

1, Air forced into the cylinder 

2, Upward motion of the piston 

3, Both 1 and 2 above 

4* Scavenging effect caused by the piston 

1»49* Which of the following reasons partially 
accotmts for the failure of a 2-stroke 
cycle engine to produce twice the power 
of a 4-atroke cycle gnglne of the same 
si^e? 

1, Some power developed by the 2-stroke 
cycle engine is used to force air 
snd fuel into each cyllndir 

2p Less than all the eombuitlon gases 
ste scavenged from each cylinder of 
the 2-atroke cycle engine 

3s For a given air-fuel mixture ^ less 
fuel and air enter the cyllndera of 
the 2-stroke eyole engine 

4» laeh of the above 

1^50. Which of the following is an advantage of 
the fflulticylinder engine over the single- 
cylinder inline? 

1, More efficient 

2s SffiODther power 

3s Higher speeds 

4 s fewer moving parte 

l«5ls T^e flywhtel o£ an engine affects the 
operation of the engine by 

1, smoo thins ^ut the power impulets 

2s keeping the ingine from stalling 

3, preventing crankshaft vibration 

4. increasing piston life 



1-51, flaw are engines aoat coiteionly eltsstfled? 1-»S8, 

, !• By thalr valve arrangiftents 

■ 2, By the n^ar of thalr cylind^ti 

3. By Che kind of fual thay hum 

4, By thalr ceellng syittflte 

1-53. All nultlcyllnder gmoHw tnglnes are 
allki in that aach angina ia aqulpped 
with a/an 



1-54, 



1* earbyratar and spark pXngm 

2, intake manlfoid and ptahaatars 

3# blewar and Inlat portu 

4* Injactlon pwp mid Injeetors 

If the firing ardar is m% ttarkad on a 
engine and a manufaeturar'^i mnual ia 
not availabla, what inethod ahould you uat 
to find tha engine's firing ordar? 



1. 
3. 



Crank tha anilna by hand, observing 
the order in whleh thm eKhauat valvei 
open 

Crank the engine by hand while obagrv- 
ing tha timing mark on the crankshaf t 
Crank the engine with the a tartar and 
observe the rotor in tht dlstributar 
Crank the engine by hand and observa 
the order In which the intake valvea 
open 



What are thi daflnltions of torqui, enargy^ 
and power— la ttst order? 

1, Tumini force I Gapacity to do worki 

rata ©f doing work 
2* Turning foreei rata of doing work| 

capaelty to do work 
3* Rata of doing warki turning force | 

capacity to do work 
4. Rate of doing worki capacity to do 

worki tumiaig force 

The Inartia poastafad by a truck travel^ 
ing straight ah^ad at 25 miles per hour 
ia defined as tht 

1. effict that tha foree of gravity has 
©n the tryck when its heading is 
changed 

2* raslatanea that the atmosphere offers 
the truck at 25 nlles pat hour 

3. tendency of the truck to keep moving 
straight ahead at 25 miles per hour 

4. effort i^hlch thi tick's engine 
applies to keep the truck moving at 
25 mllta per hour 



^en answartng ttama 1-60 through 1-62, select 
from colifflii i the definition of the term In 
Qoluynft Ai 



In itams 1-55 through 1-57, silact from column I 
the latter designation for the Internal combus- 
tion engine that uses the valve arrangement in 
column At 



1-60. Kechanical 
eff iclaney 



1-55. 



1-56. 



1-57. 



A. Ualve Arrangements 




letter de» 






__slRnaclons 


.Intake and exhaust 




F-haad 


valves in block on 






saosa side of cyl» 


a. 


L^head 


Inder 








3, 


l^head 


Intake valves in the 






head and exhaust 




T-head 


valves in block 






Intake and exhaust 






valves in the head 







1-61, 



1-61. 



Ihersal effl^ 
Clancy 

Voluffistrlc 
af jPlciancy 



Learning Objeotlvai Das crib a 
fundamentals of ?Qeasuring 
engine performance . 



Difinltions 

1. The relationship 
hetwein the power 
output of M 
engine and the 
ener^ In the fuel 
burned to produce 
this output 

2* The ralationship 
beEwean the power 
divaloped within an 
engine and tha power 
deiivared by the 
engine 

3* The ralationship 
bitwean the the- 
oretical and actual 
power input of an 
engine 

■4, l^e relatlonahlp 
between the amount 
of fuel=air mix- 
ture that enters an 
engine cylinder 
and the amoimt 
that could enter 



1*63. What ii the nsanlng of the cy^iindar 
diBigaation 3 1/4 by 3 1/2 Inches? 

1« Piston itroks is 3 1/4 inches | 

eyllnder bore Is 3 1/2 inehas 
2« Cyllndar diamecat is 3 1/4 inches i 

tSdC-Co-^BDC distance in the cylinder 

Is 3 1/2 Inchey 
3* ^llndet bore Is 3 1/4 inehea; piston 

hgad diamtter ia 3 1/2 Inehes 
4« Ftacon scroka is 3 1/4 incheii piston 

htad dlim^Cer is 3 1/2 inches 

1**64* Thi conprtsiion r^^tio of an engine li 
detemined by 

1* iubtr^c Ttlni the aylltider volusie at 

TDC from the cylinder voluffle at BDC 
2« dividing the eyllnder volume at TDC 

by the eyllnder volxm^ at BT&C 
3« milciplylns the cylinder volume at 

TDC by the length of the piaton stroke 
4* dividing the eyllnder volume at BDC 

}>y the cylinder volume at ^C 

1-65 # Increasing the compreision ratio of an 
engine latll reault in 

1» higher engine spted 

2, @ore power 

3, Itss cylinder wear 

4, bighef fuel consumption 



1^66 • Valve cifQing reftrs to the relatleniihip 
between the position of the valves and 
the 

1* length of time the valves are closid 
2^ number of .cycles in the engine 
3, length of time the valves are open 
4« position of the pistons In the 
cylinder 

1--67* Ignition timing should be adjusted so that 
the spark occurs when the piston does 
i^ich of the following? 

1, Goiapletes the intake stroke 
2^ Starts down on the power stroke 
3* Completes the compression stroke 
4« Nears the end of the compression 
atiioke 



Assignmeiit 2 



operating priacipleo o£ the ita- 
tlenary and tsoving parts of an 
Internal consbustion engine* 



2-1* Gaeoiiae and dlesel engines ara allk^ in 
what reapect? 

I* Both belong to the same enilne family 
2* Both have the laae baiie Internal 
components 

3i Both have the sama nwsber of eyllndsra 
4* Their Internal parts are intetchangi- 
able 

2-^2* The function of an engine's itationary 
parts is to 

1* add power to the en|ine 

2, keep the engine firmly attached to iti 
supporting base 

3* furnish a fraiaevork ©n which to attach 

or enclose movable parts 
4, regulate crankihaft speed 

2-3* Which of the following parts provider a 
basic frame for the water-cooled eniines 
used in automotive and construction equip- 
ment? 

r 

1» Engine base 
2« Qylindar head 

3, Cylinder bXo^^k 
4t Crsnkcase 

^*4# What la the purpose of the interconnecting 
passaged in the cylinder head and block? 

1. To alloir access for removal of the 

casting ffiattftal 
3, To provide a path for the coolant to 
circulate 

3, To prevent cracks In the caatlngi gm 
they cool 



2^5* Th^ purpose of fins surroyttiding tht eylln- 
den of an alr=cooled englni is to provide 
a 

1. means for strengthening the cylinder 

lis 

2, moimting place for the cylinder head 

3* large surface area for heat dissipation 

2-»d* Cylinder liners are used in an engine to 

1, prevant scoring or cracking of the 
cylinder walls 

2. Increase cylinder wear ilmitstions 
3* eliminate cylinder block replaeenent 

due to cylinder wear 
A* reduce the frequency of engine over* 
hauls 

2-7. Cylinder liners are either wet liners or 
dry llnefs according to whether or not 
they come in contact with the eoolant. 

2-8. Which of the following is an indication 

that the cylinder liner stali are leaking? 

1* Prisence of air bubbles in the coolant 

2. Presence of coolant la thm c^rankcaae 

3. C^erheating of the engine 

4. High rate of oil consijewptiwr 

2-9. Running a truck engine with the air cleaner 
removed would be likely to cause excessive 

1^ gas coniimption 

2, cylinder wear 

3 . knocking 

4« bearing wear 

2-10, The greatest amomt of cylinder wall wear 
in an engine occurs near what point 
relative to piston travel? 

1* Top 

2. Midpoint 

3. Bottom 



2- 11* WhJ.£li of t:ha follwl^p^ iti a reasoia that 2-47, 
aowh la^ge dlei v.l tAgSaes are ffianufaetured 
wirii separated cyXiad^^ heads Instead of 
ana hisad f &r ^.11 cyllfldara? 

Ip T'. c^'vt© la?i.3 5© replace separated 

2. it hm/k^^ Isaa work te tear down 
engines ha%'lng saparated heads 

3. Separated haads do not warp as easily 

4. Each of the above 

2^12, One reason that engine cylinder heads are 

ttade of aluminum alley is the ability of 2=18, 
the alloy to 

1. rtaist wear 

2. resist corrosion 

3. refrain its shape 
4» conduct heat 

2=13* The curved surfaces of the puakets in 

whleh the valves of an L'-head type cylin= 

der head function are designed for the 
l?ui'pose of 



t?1iy is it desirable that the intake oani'- 
fold of a gasoline combustion engine be 
constructed so as to provide the fuel with 
a short and direct path between the 
carburetor and Che cylinder? 

1* To make the fuel-air miKture as uniform 

as possible 
2* To save space in the engine compartment 
3* To reduce the possibility of the fuel 

condensing in the manifold 
4. To keep the toanifold from overheating 

Which of the following features is common 
to all engines equipped with an eMhaust 
gas recirculation system? 

1. Tbey have an intake manifold with 

exhaust passages 
2* Each cylinder contains two Intake 

valves 

3< Each cylinder contains an exhaust 

valve and an eKhaust port 
4. The eschaust valves are open during the 

intake strokes 



1* shortening the compress len stroke 
1« lengthening the compression stroke 
3i decreasing the turbulence of the fuel= 

air mixture 
4* Increasing the turbulence of the fuel= 

air mixture 

2-14* The I^head type of cylinder head diffari 
from the L^head in what respect? 



^19^ A gasket is placed between the cylinder 
head and engine block to 

1. prevekit gas and water leaks 

2. provide even heat distribution 

3. maintain clearance bitween the cylinder 
head and the engine block 

4. prevent excessive temperatures within 
the cylinder head 



1, It has smaller coolant paisages 

2. It has openings for the spark plugs 
.3* It contains all the val*7e operating 

mechanisms 
4. It contains part of the cn^ustiou 
chamber 

2^15* The crankcasc is that p^rt of the engine 
block above the nvltndera. 

2^16. the stationary part of an internal eombua^ 
tion engine that carries waste products 
of combustion from the cyllnderfl is called 
the 

1. intake manifold 

2. exhaust manifold 

3. carburetor 
4* water puip 



2-20^ From what material are the gaskets of in- 
take and exhaust manifolds usually con- 
structed? 

1. Press paper 

2* Pressed cork 

3* Asbestos 

4* Soft metal 

2-21* l^at type of material are oil pan gaskets 
usually made of? 

1* Oil resistant paper 
2* Cork 
3« Asbestos 

2^22* In today's engines , fluid losses through 
clearances between moving parts and sta= 
tionaiy parts are prevented by means of 

1. neoprene seals and O^rings 

2. leather seals 

3. packing glands 

4. plastic strips 



ERIC 



2*23. Heat energy Is ehanged Co mechanical 2-29. 
energy In an engine by the pressure from 
combustion acting on the 

1 . connec t ing rods 
2t camshaft 
3. flywheel 
4p pistons 

2-24* The do^mward ootion of the piston In the 
cylinder Is converted to rotary motion by 
the action of the 2-30 # 

1, gear train 

2, camshaft 

3» connecting rod and crankshaft 

4* valves 



2-25. The design of which of the following 

engine parts enables them to create an 
effect inside the combustion chancers 
that results In an improved fuel=alr 
mixture? 

1, Cylinder walls 

2, Pistons 

3, Exhaust valves 

4, Connecting rods 

2-26* What principal difference exists between 
a diesel engine piston and a gasoline 
engine piston? 



2^31, 



2=32. 



1, Diesel engine pistons weigh less than 
gasoline engine pistons 

2. Diesel engine pistons are made of 

cast iron while gasoline engine pistons 
are made of alumlnmi 
3* Diesel engine pistons are usually 
fitted with mere piston rings than 
gasoline engine pistons 2*^34 » 

2^27, Alumlnisn pistons will expand more than 
cast-iron pistons under the same opera- 
Ling conditions and are tharefore often 
unsigned with 

1. split skirts 

2* ^ full trunk skirts only 

3* slipper skirts only 

4^ full trunk &nd slipper skirts 2^35* 

2-28, The piston pin (wrist pin) attaches the 
piston to the 

1^ crankshaft 

2p camshaft 

3* connecting i^od 

4* balance shaft 



In addition to sealing off Ehe combustion 
chnmber and distributing lubricating olli 
piston rinis serve to 

1* absorb the shock of the power stroke 

2. prevent heat expansion of the piston 

3. transfer heat from the pistons to the 
cylinder wall 

4. provide an air bleed during the Intake 
stroke 

Piston rings are stagge^red during assembly 
to 

1, allow even heat dissipation 

2, reduce cylinder leakage 
3* cause even cylinder wear 
4* allow the use of expanders 

When Installed in an engine ^ piston rings 
are fitted to the piston and cylinder to 
Insure proper end and side clearances* 

During engine operation, thrust from the 
piston is transmitted to the crankshaft 
by the 

1, balance shaft 
2* camshaft 
3* connecting rod 
4, fl^^heel 

Which of the following types of bearings 
is pla^jed in the piston end of the 
connecting rod? 

1 * Roller 

2 * Ball 

3 * Bushing 

Precision connecting rod bearings are 
held in position against a crankshaft 
by 

1* projections an the bearing shells 
2* bolts that hold the connecting rods 
together 

3. slip fittings on the connecting rod 

4. projections on the connecting rod 

What is the function of the counterweights 
on a crankshaft? 



1, 
2, 



4, 



To reduce shock from the power strokes 
To balance the weight of the connect= 
ing rod bearing assembly 
To tranamlt power from the crankshaft 
to the camshaft 

To provide momentiim for crankshaft 
rotation during the compression strokes 



ERIC 



2^36, On m fi^eyllnder engine p how many degreei 
apart are the crankihaft throws? 

1, 60 

2, 90 

3. 120 

4. 180 

2-37* What part of an angina la likely to fall 
when aubjeeted to uncontrolled torsional 
vibrations? 

1 . Camshaft 

2. Piston 

3* Connecting rod 
4 * Crankshaf t 

2-38* 'Tha purposa of thrust facas found on soma 
main biaringa is to 

1^ prevent crankshaft vibration 

2. eliminate crankshaft and play 

3. maintain connecting rod allnement 

4. insure proper bearing lubrication 

2-39* What bearing size will best fit a crank- 
shaft that has been raground? 

1* Standard 
2* Undarnlzed 
3* Oversized 

2-40* The vibration damper io a davica deslgnad 
to 

1* balance camshaft speed with crankshaft 
spaed 

2, reduce twisting strain on the crank- 
shaft 

3* brake the flywheal during angina speed 

reduction 
4* reduce flywheel vibration 

2-41. In addition to reducing engine *■ ilua^ 
cuatldnSj the flywheel often se f>i ^ 

1* power takeoff for the camshaft and a 

pressure Burface for Cha clutch 
2, pressure surface for the clutch and 

starting system gear 
3* starting system gear and a power taka'^ 

off for the fual pump 
4* power takeoff for thi fual pump and a 

timing reference for the i^ltlon 

ay a tern 



2-43* Which of the following components help to 
make up the valve-actuating mechanism? 



1. 


Camshaft and camshaft followers 




(tappets) 


2, 


Fuahrods 


3. 


Rocker arms 


4* 


All of the above 


The 


pufpose of the caoahaft is to aid in 


I* 


holding the valves in place 


2. 


forclr ss to the carburetor 


3* 


op era t thm valve mechanism 


4* 


rotating che valve - • 



2=45 * On which of the following types of englna 
heads is the camshaft usually located 
directly above the crankshift? 

1* L 

2, F 

3, I 

4, V 

2^46, ^e camshaft of & tT^-stroka cycle engine 

will rotate at what sp^ed whan the angina ■ a 
crankshaf E speed la lOCO rpm? 

1* 250 rpm 

2* 500 rpm 

3, 1000 rpm 

4, 2000 rpm 

2-47* How is the zero clearanee ffialntained by 

the hydraulic type valve lifters shown Id 
figure 3^25 of your tei^tbook? 

1* By vmcuira 

2* By oil prassufe 

3* By cm lobe action 

4* By spring pressure 

2-48. An accimulatlon of carbon on valve seats 
will rasult In 

1, incraasad valve life 

2. cooler oper^^lng valves 
3* positiva valve seating 
4* lAproper valve closura 



2-42. 



The purpose of a valve-actuating mech- 
anism is to overcome the spring pressura 
and open the valves at the proper time. 



h^idLiiq Objective I Point out 
tdmtmi^^m in %^*lvm raaanditioninf 
And tiaing installation. 



iM|f« put of tn tngina must be ramovad 

1. cyiindtf head 

MiAttst a^nifold 
i. thtake manifold 

Svfing rtaitfai^ly of an angina^ ^gplacing 
Um valvss in their original guides will 
HmaXt in 

It «3lGassive wear of the valve and guide 
i« I«BS valve wear 

$m failure of the valve to seat properly 
4* neisy vaivi operation 

i^lit fkm fiylinddr black of an engine is 

HefBKlly insp^oted during a valve job 
to iniuTtt against the presanoe of 

it mmwpkqm 

i# ridg«s at the tap ©f the cylinders 
er«eks around the cylinders 

1*12* ffm aasiest isathod of oleaning the watak^ 
paiMf«i infide a cylinder head is to 

1« boil the cylinder head in a cleaning 
•olution 

i. verape out tha unwantad material 
!• fluah with water under pressura 
4t hlmt out with ooQ^ressed air 

i^Slc Ollt proeadurd for checking valve guide 
involvti the use of a > 

thioknass gage 
i. 4#pth gage 

%m h@l? fagt and micr^atar 
.4* valva guide gaga 

i'^Mi in ^iflding valv# seats # you should check 
. jfour wdrk often to avoid ranoving too 
, wmH Mtal. 

1^1 4 Mian an unuaually large ^ount of a valve 
Mat im irasovad by grinding, the seat 
fiwt ba narrotmd and centarad by nitans 
of a 



2^56* W^Lah of the following ehecks should you 
fflake on the valve springs before 
reasseinbling them? 

1. Height 

2 . strength 

3 . Warpage 

4* Each of the abovfe. 

2^57, Which of the following is a Step in the 
procedure for inetalling directly driven 
timing gears on an angina? 

1* Position the gears so that the single 
marked tooth of one gear is between 
the two sMirked teeth of another gear 

2, Rotate two gears until their marked 
teeth can be aliimd with a atratght- 
edge 

3* Install the timing chain after posi^ 
tioning the crankshaft and camshaft 
gear 

4* Match the idler gears' marked teeth 
with those on the camshaft and craTik^ 
shaft 

Th& back of the typical bearing half is 
constructed of 

1? cast iron 

2, bronze only 

3* steel only 

4. steal or bronze 

2-59^ Oil mov^s across the face of a bearing in 
order to accomplish which of the 
following? 

1* Cool the bearing 

2 , Lubricate the bearing 

3, RGmove dirt from the bearing 
4* All of the above 

2-60. What htippens as oil clearance in bearings 
^ becomes greater? 

1* Oil flows more quickly through the 
bearings 

2. Oil flows more slowly through th© 
bearings 

3. Oil preisure increases 

4. Bearings remain cool 



I* 4§'* narrowing stona 

i* narrowing stone and a 70^ a ton a 

!• lapping oo^pound 

4« ftinding oci^und 



In itenis 2-61 through 2=63^ eeleet from Qoluam 



B the bearing capability 
cpliunn A. 



2^61, Being hard and 
tough enuugh to 
keep from wearing 
faav 



that is described in 



Bearing 
Capabilitieg 



1* aibadability 

2 . Fatigue 
reiistance 



2-64. Which of the following is an advantage 
of the power package concept? 

X* It prevents excessive downtime of 
equipment 

2* It eliminates the need for angina 
overhauling = 

3. It increasee the number of inter= 
changeable parts available 

4, Each of the above 



2-62. Abla to withstand 
repeated stresses 
without failing 

2-63. -tola to wi^.hstand 
being eaten away 
by the byproducts 
of combustion 



3* Wear rate 

4 , Corrosion 
rasi stance 



Assignment 3 



Fufel SystaiBg; ?roparclag of GaaQllne and Gaaollne Fuel iystemfl 
Textbook MVBD TRA Pages 59 - 81 



Learning Objective i Identify prop« 
artlei of gasollna and Che operaclng 
principles o2 gasolina fuel syicami. 



3^1. Whan a fuel falla to evaporata readily In 
a cold clliaates which of the following 
will result? 

1* Hard starting 

2, Loss of power 

3, Increased fuel coniumption 

4, All the above 

3-'2* The percentage of heat energy developed In 
a gasoline engine that actually provides 
power at the flywheel Is approKifflately 

1* 10% to 151 

2, 20% to 25% 

3, 30% to 35% 

4, 40% to 45% 

.1-^3* DetonaElon iu the cylinders of a gasoline 
engine occurs before the spark plugB fire. 

3=4. Which of the following additives im used 
to improve the an tl-^ knock quality of a 
gsiollne? 

1. Ethyl fluid 

2. Ethyl chloride 

3. Tetraethyl Itt^d 
4* Ethylene glycol 

3-5* Which of the following will result when 

engine Ignition timing Is retarded beyond 
the manufacturer -3 specifications ta com- 
pensate for low^octane fuel? 

1. Overheating 

2. Leas fuel consimptlon 

3. Improved performance 
4» Burhad valves 



3-6 p In addition to low-octane fuel^ which of 

the following conditions can cause an engine 
to knock? 

1. Preignition 

2. Lean fuel mixture 

3* Faulty cooling system 
4p Each of the above 

3-7* The fuel system provides the engine 

cylinders with which of tha following? 

1. Raw gases 

2. A mlKture of gasoline vapor and air 

3. A mixture of gasoline and vapor 

4. All of the above 

3=8* If a warm engine la operating at a normal 
rate of speedy how many pounds of air 
should be mixing with very 2 pounds of 
gasolina used? 

1 > IJ pounds 

2. 30 pounds 

3. 45 pounds 
4> 60 pounds 

3=9. Undir which of the follfr.^^rig fjftltioud 
would you need a mlKtuie rlch?; r ehan 15 
pounds of sir to 1 pound ;£ £;4SQline? 

1* When starting a cold engine 
2, vnien accelerating 
3# ^^en operating at a high ipeid or 
operating with a full load 

4. All of the above 

3-10» in a gasoline engine iiqulpped with a fuel 
Injection system, the fuel is injected 
Into the 

1. Cylinders 

2. intake manifold 

3. Intake passages of the cylinder head 

3-11, A mixture consisting of 9 pounds of air and 
1 pound of gasoline Is richer than ©ne con* 
sis ting of 18 pounds of air and 1 pound of 
gasoline. 



wnicn ttacura ©f a gaiollne tank ptevtnts 
sadimeaC froa tntering tht rgmaltidar of 
thi fuel sygt#D? 

1* Poiitlon of the outlit pipe 

2, ArrangeBent of the bafflea 

3t Dealgn of thi outer ahell 

4. Loeatlon of the filter 

3*13- What Is the function of the baffle plates 
fomid In the gaiollne tank? 



1, 
4. 



To reinforce the bottom of the 
gayollne tank 

To reinforce the aides of the gaaollne 
tank 

To prevent the fuel from aurglng or 

splashing 

All of the above 



3-14. The function of the fuel pump la to 
1 
2 



measuri the amount af gas that enters 
the earbureCor 

deiiver the fuel riqul reman ts of the 
engine 

pump gas firom the earburetor to the 
Intake nanlfold 

puiBp gas from the carburetor through 
the gaaollne filter into the aanlfald 



S-IS, Which of the following condltlona Is a 
symptom of a vehicle that has law fuel- 
pump praasure? 

1* The carburetor float needle being htld 

off Its §iat 
2* An increase in gaBollne consumption 
3* Air locks In the fuel lines 
4, Each of the above 

1-16* To check tht output of i\iel p^iffipj which 
of the following test devices Is normally 
used? 

It Pressure gage 
2t Flow wmtmt 
3* hUnoseter 
4, Vacutmi gage 

3-^17* tiHiat componint malntalna the proper pres- 
sure In the line between the fuel pump 
and the cafburetor? 

1* Fuel filter 

%i Fuel gage 

3i Fuel puttp 

4« Sediment bowl 



3*18* The carburetor of a gagslliie engine 

receives fuel from the fuel pump only v. 
the 

1. presaure ealntained in the dlaphrigi 
aprlng of the pump is less than the 
fuel presiure in the outlet 

2. pressure palntalned by the dlaphragi 
spring of the p^p is greater than i 
fuel pressure in the outlet 

3. fuel passgge from the pui^ Is open 
into the float chamber and the float 
needle valve la aeated 

4* fuel paasage from the pimp is cloaec 
and the float needle valve of the 
carburetor ii unseated 



3-19. 



What type of fuel puiap delivers fuel con 
tinuoualy regardleas of the demaijd for 1 

1, Autopulae 

2, Positive diaphragm 

3* NonpQsitlve diaphragm 
4* Diaphragm 



3=-20. Whi^h of the following pumps vill delive 
fuel only when the float valve In the 
carburetor is opened? 

1, Positive diaphragni 

2, NonpQslcive diaphragm 

3, Electric tank unit 
4% Diaphragm 

3-21 i i^st type of fuel pt^p starts to functloi 
when thi Ignition switch is turned on? 

1 , Diaphragm 

2, Positive diaphragm 

3, Ksnposltivf <^iaphragm 

4, Aucopulse 

3^22* Which devlee insures positive operation c 
vayu^ type windshield wipers at all 
times? 

1* Fuel pimp with a vaeutna booster 

2, Slectrlcal fuel p^p 

3* Singly action fuel pymp 
4* Double action fuel pump 

3-23. ^ich type of fuel line fitting Is used 
most often with gaaollne fuel system? 

1, Conpregaion 
2* Soldered 

3. Flared 



3*24, Which of the follawlng eondltlona is most 
likely CO lowar the spaed with whiQh che 
noleeuleB of a liquid escape as vapor? 

Iw Raising the tampsratura of the liquid 
2> Removing evaporated partioles fTom 

the air^ above the liquid 
3» Decreasing air pFessura at the surface 

of the liquid 
4* Lowering the tamperaturea of the llq^ 

uid 

3«25«, The purposa of the venCuri paesage in a 
carburator is to 

If lower the acmosphario pressure In che 

float bowl to force the gaeollne 

through the fuel outlet nozzle 
2> create a partial vacuum to permit 

atmospheric prassure to force the fuel 

from the float howl 
3* reduce the race of vaporisation by 

lowering the pressure of ^^he air 

entering the carburetor 
4, epray the fuel in the ^ir by increasing 

the speed of the air entering the 

carburetor 



3^30* The fuel supply in the earbureCor bowl ie 
controlled by the 

1* throttle 

2. fuel pump 

3 . choke 

4. float 




In items 3^26 thmugh 3-28, select from colunm B 
the control or circuit that csueee the car* 
buretor to perfoi^ the function in colimn A. 



Functions 



3'^26* Enrich the mixture 
when the throttle 
is suddenly opened 



3-27. 



3-28. 



3-29* 



Supply an enriched 
mix Cure when the 
engine is operating 
sC a minimw speed 

Inrich Che mixture 
when Che throttle 
is opened wtdm 



Controls or 
_ GircuitQ 

1. Accelerating 

2 * Maxlmuin power 
or full load 

3, Idling 

4, Throttle 



The comp'jnent that varies the ai^unt of 
fuel-air mixture that enters the Intake 
manifold is the 

1* autofflatlc choke 

2. fuel pimip 

3. throttle valve 
4 * venturi 



3-31, 



3-32, 



3-33, 



Figure 3A. 

In answering Itaos 3-31 through 3-34^ 
refer to figure 3A. 

The idle and low-apecd circuit is identic 
fled by what letter? 

1. A 

2. C 

3. E 

4. G 



Atmospheric presiurfe 
doim through the idle 
to Che carbureter at 



fuel 
Is admif.tad 



At what place in the carburetor dogs the 
gasoline start to aComiEet 

1. A 

2. B 

3. G 

4. D 



3*34. l^en wotm fuel is neadsd to support low- 
speed Dperatlen, thg poaltlon of the low- 
speed port will be such thac It Iit juflt 
btlow the edge of 

1. A 

2* C 

3, E 

4, Q 

i 

3-'a5, In Its high speed elrcult, a carburetor 

maintains i fairly constant ratio of fuel 
to air and, though an enriched mixture la 
produced, prevents overrldinesa by 

1, decreasing trhe volxmw of sir thrgugh 

the venturl 
2* maintaining a constant volume of air 

In the venturl and causing fuel to 

discharge from the nog^le 
3. letting more air enter the main nozzle 

3-36. Which of the follQwlng air-to-fuel 

buretor ratios by weight will no^lly 
produce the most power in the high speed 
circuit? 

1. 12:1 

2. 13sl 

3. 14il 

4. iSil 

3-3?. Which of the following carburetor co^ 
ponenta is designed to inereaee engine 
power but still maintain reasonable 
economy? 

1* Power jet 

2* Me tiring rod 

3* Vacuiai step-up 

4. All of the above 

3=38, What carburetor component datermines the 
amotmt of fuel that the power jet will 
supply? 

1, Throttle 

2* floflt 

3i Power^jet valve 

4^ Vacuu^actuated piston 

3-35. To Insure delivery of the proper fuel-air 
mixture for all operating conditions, 
each position of the throttle valve must 
be syQChronized with the pdsitlon of the 

1. p&^er Jet 

2« neterlng rod 

3 J vaeuisi step^up 

4i vetiturl 



3-^40* Which carburetor coi^oneat pfovtdfia 

sufficient fuel to accelema quMUff 

I* Pmer jet 

2, Accelerating pn,^ birculc 
3* Metering rod 
4» VacuuBHiictuated platoa 

.1-4 A, mm A. U thu f taction of tha Ancake 

val^ft In the aec^.'UiraftlBg py^ alfeuttl^ 

To pemlt a supply of lue} to ff>§^ 

the cyllmVer 

'£q preverit fuel in thm €ylieiat 
being pushed back into tha 

3, Both 1 and 2 above 

4* To prevent the accelerating J«t flgv 
from flowing at coastfint thfe||lg 
openings 

3^42. ^lat eompotimt of the accelaraiinf pifl^ 
circuit meters the ^ount of fuel yi^f 

1* A lever on the throttla shaft 

2* A discharge check valve 

3« An Intake check valve 

4, An accelerating jet 

3-43, Which of the following cospoaania al^ # 
a vacuui^actuated pmip plt^gaf la gjfl^ng , 
downward In the cylinder iHiea tha 0kf^%$l$ 

is open? 

1* Iilnl^ge with the throttla 
2 m Accelerator p^p spring 
3. Accelerator Jets 
4* Low vacuw in the venturl 

3-44. What Is the fuictlon of the alfwv^i chaclt 
valve in the acceieraclng pmp €i?mtl| 

1, To prevent the acceleriitiii| Jac itm 
from flowing at conataat ehraetla 

openings 

2« To allow air to enter tha paaaaga 

connecting the pump c|lladar aai 

accelerating jet 
3i To prevent fuel from bixlag ^la^ffti 

back into the bowl throu^ tlia ^tf** 

vent passage 
4^ All of the above 

3-45, A delayed action Is baal^ to tfaa ^IdtattlHI 
of the accelerating pump aiyguil of dia 
carburetor In that It prevldaa a iMtllMi 
scream of fuel from the piaip Jal aflef tlltt 

throttle has ceased noirliig» 

3-^^46. A choke altera the air^fual aisttlfe tfttt 
tntera the maalfold of a esld pm&XUm 
engine during star ting by atelttiag 

1, less air 

2. fea%i^m a-f** 



3*^47* What conpOQMt in tha choke circuit netds 
the agalstanee of a aoiled g;> :lGg on the 
end of the choke shaft and pressure to 
operate properly? 

1* Springloaded poppet valve 

2. Off-center choke valva 
3* Keedle valve 

4, Powtr jet 

3-48. Of th^ folJowifig factors, wKiah afftcts 
the operation of the auCoutlc choke? 

I* Heat 

2p Intake tnanilold vacuupi 

3. Viloclty of air paeslng through the 
air horn 

4/ All of the above 

3-49^ In the operation of an automatic choker 

helping to close the choke valve and hold^ 
Ing it closed art functions of the 

1> low intake unifold pressure 

2. thertBoatatlc apring 

3. hot air from the exhaust manifold 

4. vilecity of the air paseing throu^ 
the carburetor air horn 

3-30* Failure of the automatic choke Illustrated 
in textbook figure 4*^22 can often be 
attributed to 

1« carbon in the exhauat gisea 
2. rapid deterioration of the coll spring 
3« wear and binding of the chokt shaft 
4* vacuum leaks at the vaeuuffl piston 

3-51. Which of the following troublea within 

the carburetor system will cause an engine 
t6 use an excessive smoimc of fuel? 

'1.^ High float l^vel 

2. Defective radiator therms tat 

3. Air leaking into the Intake manifold 

4. A weak accelerator spring 

3*-52* An engine that uses an eicc#§sive ^ounc 

of fuel could have whicH of the following 
problems? 

li A a ticking metering rod or full power 
p la ton 

2. A sticking accelerating pwJp 

3. Too rich an idling mix turn 

4. lach of the above 



3-53* t^ich of the following troubles within 
the carburetor system will cause an 
engine to perforni slug|ishly? 

Is Defective choke 

2. laproperly adjusted throttle link 
3s Sticking high-speed piston 

4s A loose air cleaner 

3-54* A dirty fuel passage or a clogged alt 
cleaner could cause an engine to 

1, fall to start 

2^ have a smoky black exhaust 

3. backfire 

4. perfom sluggishly 

3-55, Which of the fellQwing conditions will 
most likely cauie an engine to idle 
poorly? 

1* Too rich idle mixture 
2t Defective choke 

3* Incorrectly adjustid idle speed screw 

at the throttle valve 
4* Each of the above 

3-56* A plugged fuel line would cauee an engine 

is to idle poorly 

2, Co stall as it warmi up 

3, uot to start 

4, to run slowly 

3^5 7 « Asivme that an engine is hard to start 
once it has warmed up* What is the 
problem? 

1, A lea^ float 

2, Defective or ioprop<arly adjusted 
earhuretor unloadar linkage 

3, Defective radiator thercK)stat 
4* Weak fue!^ pmp 

3-58. Which of the following conditions will 
make an engine slow about warming up? 

Is Rich air-fu%ii mixture 

2, I®prQi;arly adjuot^d throttle link 

3, Defactlva /fadlator therwostat 
4^ Leaking iwal pump 

3-59. k*hich of the foliowing conditions within 

the carbureter aysteia will cause an engine 
to emit snykyj black e^chmust? 

1. Low float level 

2, Defective radiator therimostat 
3i Dirty or fuel passages 

4, Very rich alr-*fuel mixture 



EKLC 



3*60, A dgfectlve choke or cloied ehoke valve 
could cause an engine to 

1* BtBll ag it warms yp 

2. backfire 

3, overheat 

Which of the fDllowlng conditions within 
thm carburetor system could Cause an 
engine to backfire? 

1. Incorrect air-fuel mixcure reaching 
Ehe entire 

2. Clogged fuel lines 

3. Fluctuating fuel level 
4* Each Of the above 

3^62* kmy are air cleaners used on all internal 
combustion eniinee? 

1* To protect the carburetor from exces- 
sive wear 

2* To keep duit and other foreign mattfc. 
oat of the engine 

3. To lower the muietura content of the 
ait entering the engine 

4. To ollminaca carburetor Icing on 
htmid days 

3^S3, Why ia the dry-type air eleaner pr^^.ferabla 
to the wet*- type? 

1^ It requlifeg less maintenance 

2, It aids in cgnsorvlng petroleum 
3^ It is more efficient 

3^64, imich of the following functions is per- 
formed by the intake manifold? 

1* Admitting outilde air to the air 
cleaner 

2* Providing an air passage between the 
air Gleaner and carburetor 

3, ForBilng a passage for the air- fuel 
mixture to enter the engine's cylinders 

4, Pas ling air from the engine to the 
muffler 

3*^65, The intake manifold la mounted on the side 
of the cylinder head on which of the fol= 
lowing engines? 

1, L-haad 

2, I-head 

3. V-8 

4. All of the abov€ 



3-66 p Why is the carburetor mounted at Che cent 
of the intake manifold? 

1* To facilitate maintenance 

2* To Insure that an adequate supply of 

air can enter the carburetor 
3* To reduce the tendency of carburecor 

icing 

4p To Insure even distribution of the 
air-fuel mixture 

%^6h When the carburetor or manifold gasket 

is NOT seated properly, which of the fol- 
lowing will result? 

1* leduced engine compre ir.> sn 

2. Overheated exhausv 

3* Lean fuel mixture a': l or more 

cylinders 
^i* Black smoky exhaust 

^i^08* The purpose of the exhaust manifold is to 

1* take air from the Inside to the air 
filter 

2* allow used iases to pass from the 

engine cylinders 
3* pass air from the filter to the 

carburetor 

4. pass air and fuel from the carburetor 
to the engine 

3-69, An exhaust manifold is attached to each 
bank of cylinders on which of the fol- 
lowing engines? 

1* L-head 
2, I-head 

4, All of the above 

3-70. l^at is the purpose of the manifold heat 
valve? 

1* To create a "hot spot** around the 

e'^haust manifold 
2* Td run the windshield wipers in case 

the manifoJld vacuum is insufficient 
3* To heat thti air-fuel mixture in cold 

weather until the engine warms up 
4* To provide additional heat inside the 

vehicle in cold weather 

3-71* When the manifold heat control valve 
sticks s which of the engine's internal 
parts will be dam*iged? 

1, Exhaust valves 

2* Intake valves 

3. PliEons 

4. Piston rlniB 



3-72. 



yhiah of the foJloi^lng lubricants Is 
veoottmended far use on the manllsld 
heat oontpol valve? 



3-74 • Fot which e£ the followljig reasons 
wflu3d ^aatall a rain cap on a 

vfh:it=k' 



Ir Dry-itiek lybricsnt 

2^ Graphite mlKed with penetrating oil 

3* Chaails grease 

4* Ftedlum grade gaglne oil 

3-73* Whleh q£ the following factori is an 
Indlcatlpn of a clogged mufflerl 

1« iDglne not developing maKlmum power 

2* Difficulty In starting 

3. Engine operating at a higher chan 

normal teaperature 
4» Each of the above 



1* ■>! ,,hfe Operator 

2. Tu >.r^\, v%Vt the rain and dirt fro^ 

ente^^^ng the en^glne 
3i To keep the engine dry 

3-75* In tuning up an engine which has 

emission control dgvleess you must use 
the sp#tif leations for that engine to 
insure the fevlees function |iropftrl>^v 



Assignment 4 



gystawB '(continued) ^ gropgrtles. of jPieiel Fuel and Dia§ei_Fuel_Syetgins 
Tex tooQk^ HAVIPTRA 1Q644--Gf Pages 81 - 121 



Learning Objective: Identify prop^ 
eiftiei Of dieiel fuelp eperatinf 
principles of die sal fual syitams, 
and teehnlqueg of serviging fuel 
s^itein components. 



4--i* What makei it possible to ignite the fuel^ 
air mixture of a dlesel enfin© without the 
use of ft ipark as in a gasoline engine? 

1, The ignition temperature of dleael 

fuel is low 
1* The cQinpression tAtAo of the dieael 

engine is low 
3* The compresiion ten^eriture of the 

diesel engine is high 
4^ The speed of th^ diesel engine *i 

aioving parts if high 

4-2^ How is the speed of a diesel engine 
oontfolltd? 

i* By regulating the asiount of fual 
dalivtred to the engine's cylinders 
By alteri**^ the ccoipregsion pr©iiure 
within thb engine *i sylindefs 

i fy ehan^tn-t the volume of air 
^:ifi3ri^9 Lhu cylinders 

limili ig the capacity of the fuel 
,iiijection system 

4^3 • ^ich of the following eharacteriities 
is one advantage of tht diesel engine 
over the gasaline engine? 

1* hm^ pf.^^4uetien cost 

3, Suitability for vehicles trsJisporting 
small loads 

3* Smoothntgss of operfition 

4. High ratio of pover output to fuel 
oonsuDied 



4^4* Which of the following items is considered 
a disadvantage of the diesel engine as 
cOE^jared to the gasoline engine? 

1* High cost of nanufaoture 

2t Heavier construction necessary to 

wlthitand the high ocmpreision pres- 

suree 

3t Difficulty in itarting 
4* Each of tha ajbove 

4-5, miGb of the foll^ing sequences of events 
chars v^^ariEes the opiration of a diesel 
engine' V 

1, fi.e fuel and air art miKedj the partly 
^ApQXimBdi ml5iture enters on the intake 
r^roki^ and a spark ignites it near 
^,he end of the oompression stroke 

2. The fuel and ait are mixed/ the Bixture 
enters on tht compression itroke, and 

a ipark ignites it near thm end of the 
ccsnp^easion stroke 
Thm air entire an the intake stroke, 
the fuel is injected near the end of 
the QOR^ression stroke r and the high 
testperature ignites the fuel 
4. ^e fuel entiri on the intake stroke, 
the air is injeeted under pressure 
near the end of the compreision stroke, 
m%d the high temperature ignites the 
fuel 

4-6, What effect would a diesel fuel with poor 

li^ricating qualities have on the operation 
of a di#sel engina? 

1. Sxcesiive fuel consumption 

2, Gradual dec^#«st in the injection 
system* s effielency 

3p Hot smoky ejchaust gases 
4, Rapid ^linder wiiar 



4»7. mimh of mm fellDwinf characterlgtics 

of di#ae.\ fy^l erestas the naeci for bettei: 
filtering than that teqyi^id for gaioline? 

1* Vlseoiilfe)? 

2^ Ignition quality 

3 . Volatility 

4^8, The cetana value of a dlssal fu^^l li a 
measure of its 

1. volatila eharacteristica 

2* antiJcnock qualities 

3- ignition qualittai 

4* vlscoiity sharacteriitics 

4--9, Which of the following combustion chambar 

designs recjuires the higheat fuel injection 
pressure? 

1* ^>en 

2 < PracoBibuition 

3^ Turbulence chamber 

4 . Hi^ercyela 

4-10^ preooinbuition ohamberg are used on a 

diasel enfina# Which of the following 
factors causii the gr#atagt aroount of fuel 
atofnization? 

1* Turbulenca within the oylindera 

2t High fual injection pressure 

3* Dispersion of fuel ftom tha multi^ 

orifice fuel injectors 
4, Rapid lir movement within the pre- 

Qcn^ustion chaEr^ar 

4-11* What effecfef if any* doei using JP^4 as 
fuel in the wultifuel engine have on its 
cpa*.*ation? 

1« Decreasas angina life 

1* Producis too much txliiLuit smoki 

3^ Increases power 

4 . None 

4-12, Which of the following coa^enente im 
designed tu prevent rm ongina from 
Qverspaeding, but aliop^M the engine to 
meat ohanginf load conditiang? 

Fuel pu^ 
2 . Carburetor 
3* Throttle valve 
4 . Govyrnor 



4*13. 



Whera is the governor connected on a 
dieoel engine? 



Next to the 
Between the 
injector 
Between the 
filter 
Batween the 
filter 



fuel pufflp 
throttle and the 



fuel 



fuel pumip and the fuel 
carburetor and the fuel 



4-14. 



4-15, 



Which of the following f actors is used to 
classify governors used on diesel 
anginei? 

1. The method by \^ich the governor 
operates the fuel control mechanism 

2p The forces which act on the governor 
and cause it to operate 

3* The function for which the governor 
is designed to perforffl 

4^ Hach of the above 

A ^tftia v J^afjtur in the selection of the 
g^n-v^^^k- for a di^isel engine Is 

1, total piston displacement 

2, rated horsepower 
3* t^ypm of load 

4. maximi^ engine spaed 



In items 4^16 through 4*^ 19, select St^m coluwm 
a the t^e of governor that best a its the fung* 
tion in colmnn A. 



A. Fungtione 

4^1S* Frovidee a regular 
or stable engine 
speedy regardieii 
of load conditions 

4*17^ Fravents an engine 
from exoeedinf a 
specified maximum 
sp^ed 



B * Goye rner £ 

1, QQputmt' 
3p^;^c governor 

2 , Variable-spaed 
governor 

3 * Spaed- 
limiting 
governor 



4=^18- Maintains any specified 

engine Speed between idle 
and maximum 

4-29* Prevents an engine from 
dropping below specified 
minimuin speed 



What iiArt fjf a iprlha= IrNifipi! t'^nt r lFi|f|^ii A^r* 

dlr*ic7tly •<U\i«t? 

I. Uinkmm b«t*<p«n flYb*iJl« iinu 

1. Ponltlcin of f lyb«i U 

Thm teniion of tli*! aprlnq in thp» eprUup 
tiehcy to d«whlt,'|i of iHr foMn^?ln?TV 

I. ritiibill2«i thw am>\ini uf rucfl tloiivRrot! 

US ijiB c'vil luitirii 
^, B»d\ino the aniQunt of f\\^\ dnliviirntl 

to tho t^^yllnilers 

to thfl cyllnilnra 

^v_>r enqlna Ht>#!od to .«tabi I lf;t) , v^hat muRt 
fjccur within the gyvetnot? 



i. Centrifugal force miiBt o^at^cmo 

^prin^ tension 
^* spring tension must Q\^©reoina 

c©ntrifutdi force 

3, centrlfutal force and ipting tension 
must bAlanQ^ fuel supply prsisurs 

4, Centrlfutil force and ipting tenBion 

4^23 s What vfiil happefif wit^iin the governor, 
*^htn tha l©ad on an eng ino is raduced 
And the enfine spe^d increaesp? 



1. 



the cintrifuqai force bBOpities greater 

than tht ipririf tenaion 

The eantrifuqai farc# ^iQpn\as lesser 

than the ipring tension 

The efintfifuiai fore© feinains the 

san^ 

Tho centrifugal force aetg on the 
fuel eontroj. linkage %o increase the 
ainourtt of fuai deiive^cd te the 
cy^linderg 



4=»24^ A iintpia ®tch^ntcal gaveri^e^r can be die- 
einguished froin a simple hy^rayiia 
govt r nor tha preienae of a 

1. mechanical Linkage between the 

gQV#rnifig uait and thii fuel-Qontrel 
maQhanism 

2* ait of two rotating weights 

3, spring device 

4* sinsieivity c&ntrol 



4-2i. 



nriyliiP to ovflrspe^tlr ^htrh nt \\\^ 

U Hflpflli- thn iinViirnnr fluil ili^ri Rpgiire 
f}if* f*nginn 

.^h\jt off the fuel H\ip|iLy, if this 

frtllB, L'tlt off thm ail siipjily 
^^taU tlj^ flnqltm by f?ver Inmllng 



in tho fiifil pup|>ly nyHtnm, tho ptlm^ry 
fir uDiir^o filtnr will filler f\iel b^rwcien 
tho 

U f 1 \)\m\> Ami tlm narijuttit«r 

Rii|>ply t^hk rtiui the f\w\ nviphly p\mp 
L in)fM_t".inn jHUTip and LIh) tuul 
4, fUol 3\i|iply piuiip rthd tho injt^ctiDn 
pump! 

Wifvi fldpf^ th« f UP 1 within ^ miU'^l-fUflk 
fi Unr flow? 

1, Tim fuel flntcrti tho filter at the 
sidr Iniot connection aM, flowing 
in a circular motion, goea betvaen 
thn disks i and then goes out a side 
outiQt Qonntction 

2, The fuel ©nters the filter at the 
top inlat conneetion and, flowing 
circular^ goes around the diski# and 
t.hen down a central pagiage to tha 
outlQt eonnection at the bpttoa 

J, The fuel enters the ftltsr at the top 
inlet connection and, flowing down, 
goes b€tw#en the disks ^ and then up a 
central pasiage to the outlet con^ 
nection at the top 

4, The fuel antets the filter at an angle 
inlet connection and, flowing de^nvard 
in a oirclei goes between t^he disHi# 
und then up a central pasidge to the 
putlet conneotlon at the top 

Plater is removed from fuel oil by the 
aatai disk filter beoause 

li of laGk of clearance between the 

matal diiks 
3. water Is absorbed in nhe dirt trapped 

between the disks 

3, virater in fuel oil forma globulii 
Vi^hieh are trapped between the disks 

4. Winter in fuel oil fotffla globulig too 
large to p^ss thi dtska 
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UR«d for 

h^iva falUn to rh# bottom of th« 
filtsr hoUilfig iQ that th«y iJah 

1. ousting the Itr^e qlobulfln 
ditKi 

it li time to clianqe the filter 

4-30* which of the fdllowinci fillnrs is 

d«si9n«d with thm qrf^nt&nt flir.Hrinr? 
quality? 

I» rull-flf5W 

2. CLotii-baq 

3. Hat«l-LliiiK 

4. fabric 

4-31* Why ii it natfls^*ty to havn a eupply 

pump to trangfor fuoi from the tank tc^ 

the injection pump • diesei tngin^? 

1. Beuduse the injocttori pimp viLl not 
crQAt^ syffiaiant ^'lo^ion 

2 1 SoQAUPQ the fuel filters psia fUQl 
only whan utidtr pre^-ssura 

3, Bfloause the inje^t^i^^ pustp will 
deiiv#r exeasBiya fual to tha engine 

4, leoauae uit ot the injtation pwp 
aiont vili <^auPi tha fuel eystam to 
beooind airbcuiid 

4^32* In whinh of the fqilQwing lituations 
dees tha reiiaf valya open in a fuel 
supply pvjfnp? 

1, Fuel filteri taitrict the flow ot 
fuei to the injection p\mp 

2 , Gears in the pm^ ^re vofn 
3« iprinfs in th^ pymp are weak 

4i One of the futl linae davelopi a 
ieak 



n thfl fun^ition of the fijfil inlnt^llim py^tem 
(1i*flnrib«i<i In c-<iliiwn A» 

PotcQ the fu^l I, Met or 

into the trtimljiiftiicjri 

chambf»r #], tnjnrt 

4-' 3 1* Break the fu«iJ up Into 1. AioWl^fi 
fine partlcinfl 

4- V>, Measurw the ^p^uiint of 

4^;lfs DiHtributn thn funj 
t nto r=h** uiTminm ! t on 



4^J7, i?^hat type of inioctiori nyBtRfu In Uflod on 
Caterpillar ^i©.Roi anylims'? 

1* Unit injectipn 

2t Funip arid noiiEle 

3, Dtatrii3utot 

4, Pressure tlmo 

4- 3o Which of the following rapairs, if any, 
are to be made on a worn capsuia='typ# 
nozzle? 

1. Rainoval of an internal carbon 

a^eittiuiatiun 
2^ Replacement of the valvg and seat 

3, Heniwai of tha filter sarasn 

4 . None 

4-39, Pallure to tighten the eapflule retainer 
properly on the gapsula-type injeotion 
^alve aisem^ly may result in v^iah of 
the followinfl? 

1, A damaged eapiule 

2* Pi^r injaction 

3, fuel leaHi 

4, Eaoh of above 

4'^40, r\iel injection p\m^m may be interchanged 
^tween a 4^ and S^cylinder Caterpillar 
ingina only if both englnei have the 
iame 



1, hotiepo^er rating and the entire puap 
aiainiblies are e^^ohan^ed 

2 , horsgpower rating atid the orlf inal 
pump baarr^li a^e left in plage 

3, oylinder bore and the entire pisnp 
aiaiitiblies are eKShanged 

4« cylinder bore and the original pun^ 
h&ztmlm 3^^m left in plaoe 
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ij . Mf«imiVf» the inupPtTtitsn pLitn on tin* 
luMiMl hil 

4-4<?, Il« >v ari' ihi* thjf»i7tinri pumps nt'h i * Mi 1 

U ny fi{l)u?iMrK4 thf* liflnrLi ih ihn pi imp 

ny {ihifi*} i nq th« pffiicf i^/n UMifUh i't 

t hi? H li ilf t^T t 
U liy plrtclni; ^hini?* bfitwnnn. tlto '-fsiitrril 

r .irk ifn! r '1 in i tPt p ] ii ! f M 
4, Hy ailnlnq rtwirk**?! t*M'th on Ui*i 
plunfp^r ffpar^ anti thf rti^ N 

4-'H , Thii Hlifif? bnr of thr qnvoi nor trAnnnilt M 

fU ract ly to tha 

i. carburetor butterfly vaLvp 

3* Injection pump control rack 

4* plunqeri of th^ injection p*jft\rs 

4^41- AsB\ima that the high idle spiio^ recoffl^ 
niended by tha anftn^ manufactur^ir ia 
J,2oO rpm* Vqu should adjust the full- 
load speed of th^ engine to Ql^e an 
fipproKlmate tAchometer reading of 



1. i90 rpm 4-51, 

2. 640 rpm 

3. 1,280 rpm 
4* 2,360 rpm 

4^45. Undir which of the following engine 
oparatlng conelitioni doei tha aieave 
initerinf fuel pump^ governor firit 
aiaume control of fuel delivery? 4-52* 

1. Idle ppaed 

2^ Haximiui spg^di no load 
3» HaKimi^ speed » full load 

4. Interinedliftt© speed 

4'-4€. In the mechanical flyweight governor , the 
acfci©n of the weights in their ratainer 
ii transmitted through a 4-53. 

1* ilaeve to the govarnor arw tnd a 
linkafe to the metering valve 

2. governor arn to the sleeve tnd a 
linJcafe to the matering vaiv# 

3* ileeve to the governor arra and a 

Aetering valve to the linMaga 
4* govemor arm to the sleeve and a 

petering valve to the linKafa 



in itpms 4-4/ fhrntiqh 4-4^, «iipl#r't from *"nhiiBn 
t hp . fjnipnnpiit hcivitirj Mio funct ion In column A. 



nrawH i im f\ipl from i » Hettrlnti 

t h*' fiual fiilnt- Into yalvci 
t hr* \nm\^ throuqh the 

iiiU^t ntrfiinf^r cam lobe 

Dotf?nninnB thn /jmount 3. Vane typn 
of ftii^l nncdnd by ttUi fuel 
r*fv?inn tranafei 

pump 

Ftirt fiH iht? plurn|ffrR 

toward each othor, 4* Delivery 

ii t Mt::harqlnq tho fuol valve 

r mm t hn cyl i ndnf 

I hi uuuh t 111' uut let 

port into tho outlnt paBflago 

ill th« hYdtrtUlic head and the? 

tuvl ihjoChion U hO corineetod 

ttj thlM pAHHtlCK^ 



Tho tjnd plato of the Boosa Haater fuel 
injmp p erven to do which of the following? 



1 . To provide pasiaga for fuel and to 
cover and afegorb and thrust of tha 
transfer punip 

2 . To house the presfure regulator valve 

3. To house th« priwiiif bypass spring 
which periniti fuel to hypaBS the 
tranafer pump duriiif hand priminf 

4. All of the above 

ne plunger in an IH 317 leries engine 
injector is actuated by means of 

1 ^ a sprinf 

2 . a cam 

3. cylinder csfupraision pressure 

4. fuel injection pr@iiura 

The fuel entry port in an injector of an 
IH 817 ieries ingint im uncovered during 

the 

1 * compression itroke only 

2. intake strokt only 

3^ compreasion and intake strokei 

4^ power and exhaust strokes 

EKhauit gases in an IH 817 series engine 
are prevented from flowing back into 
the injector fuel lint by maans of a/an 

1* seated multi-orlf lee Injector tip 

2^ injector chagk valve 

3* injector plunger 

4* injector fuel scrian 
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My wh*t mmvm mff* ff^* liii 1 1 In^PfMrM^ d^f,o, FinqinPR ^Mt,|p,t f f, vnryiru^ hm^l rr,n,il f inns 



sMist Ifi ft 'tH unit injprtnr h^ftirf-' it t#in 

' I. The Lowejf pijl t muflt he Of^nfi /iiul thr 

up|rf*f port cl'inr*'! 

di The lnwi?r i^irt mijPt tj*» fhinpcl fUMl ttin 
upp^r pen t iipi*ii 

4, Thf! iov^fit ,\ni\ uplift \. nf rmiMf bt* 
op<*fi 

4^^fi. I/nit lhj«''tMrri aro injiwil i ^imI l.y iid iumI I ni] 



diaifi^tor of tht* in )?'f-"ti fsn valvi^) 
orlf icas 

racH control IfWf*r^ 

amount of c«}ntrifuqal force f*j£t»rtcd 

on Ehft governor flyweights 



4'^57. Dtirlng gperation uf the GM diesul, one 

cvllndef has a lover temparature than the 
others^ In order to Bupply thin cylindLf 
with motm t\kol, what sdjuitiiigntP Bhould 
bm mada on its control rack? 

1* Tighten the inner screw after Isoian- 

ing th© outer acrow 
2. Tighten the outer screw after iooien^ 

in9 the inner acrew 
3« LoOiin the inner gcrew but n^aintain 

the setting of the outer matm\f 
4^ Looien the Qut#r gQr#w but maintain 

the aetting of the inner screv 

4^58* IsThich of the following governors is NOT 
usgd on the OH aeflis 71 engines? 

1« Limiting speed machanlgal 

2- Spring eontrol 

3» Variable spaed ntachanigal 

4^ Hydraulic 

4~5t. Ingints requiring a mininfuni and maKinum 
speed control, together with manually 
aQntrolled inteniadiate speeds ^ are 
equipped with what type of governor? 

1. Spring eontrol 

2. Lii&iting speed aechanical 

3. Hydraulic 

4^ Variola speed B^chanical 



-fA , Whai iyi'i* t|rivnrntjr \n \\mr\ tcj infllntnlh 

MjiMiid cin?<i[» uiulnr varyitiq luAtI unnti 1 1 lonh? 

I . 5i[»r Inq t tjul kU 
J . Ilydrau! ic; 

'1, liimlt tnq HprPct mf*t lip-^n 1 r n I 



Wliich cif tlm folhiWlnM Im not o runutinri 



C'uiiliul I i iu| t hn amount of fut'l f'ot 
iMiqinr» idle npM*nd 

Molding thM ARiciunt of fuel flow aun^ 
Htant und^r v^irying loaclfi 
Limiting t\w nuijsimum no-lQad speed 
Holdinq thf* ^ntilnfi at a constant ftp^od 
botwo«.Mi itiie and m*iKimum 



Which of the following conditions may 
caune the engine speed to vary? 

1. Faulty injector timing 

2* Bind in governor parts 

1* Change In Load 

4^ Each of the above 



4^64. The Cuflmins FT fuel system operates oh 

which of the following principlei? 

1. An incrgasg in fuel presiure will in-^ 
craaie the rate of oombuition 

2. h decreaie in fuel pressura will in^ 
oraase the rate of coinbustion 

3* A change in fuel preeiure will result 
in a corrasponding change in fuel 
delivery rate 

4-65. When operating at maximum governed ipf^adf 
which component of the FT fuel pump liinits 
the aoiount of futl supplied to the 
injectors? 

1. Gcvernor plunger 
2* Throttle shaft 

3 . Pressure regulator 
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4*66* AB|t«# thit mn mminm idUn At 5*iO r\m, 4-71. 
IJhit Adjyitttpnt dii you RWikP whiU th« 
•nfLn* i« running tf> q«t It to Ull« At 

i* turn id jutting icr^w chi govatnor <iut 
to 5O0 rpoi 

2» Turn idjuitinf icrew en yovernrir out 

t& i%Q rpft 
3^ Turn idjuititig «cr«« on <|ov^rnor in 

to 506 fpifi 
4. Turn adju«tlng ir^rew en govotriar In 

to 450 fp«i 

4-72, 

4^€7 i l^n purpQfl© of the iup#rchflrc|©r ig to 

1, forga iddAtlonal ai r into t\\m 

2, suak a t^lqhet ulisMj^ uf nit in Urn 
aylindtr 

ji •dmit A higher ehirgeif of ^ilr by th^ 

raetiiing piiton 
4. •llew fer in ihorfaiio In horaapowar 

by decraiBing the ipeed 4^7J, 

4^68^ Whieh of thm following iff i basle part 
of a turbechargtr? 

1, S](hau«t gag turbint 

3, Hoaaing 

4i Sash of tht above 

4^€f<. llhan lh« turbMharger puiopi a greater 
afliount of air into %hm angina thaii 
would b« appUed by normal atmospheric 
pvaiaur«r thart ia a posaibility that 

1, mrm fuel will be burned and engine 

power will b# deariaaed 
2« !#•■ fuel will ba burned and engine 

pQwmt will ba decreaaid 
3> Utore fyal will be burned and engine 

power vili b# insraased 
4p leas fuel will be burned and engiiie 4^75. 

pow«r vi 11 be iiiQ^eaied 

4^10* The praheatera on aome diieel anfines 
aieiit in oold weathtr stirtinf by 
heatiiig the 

1. ftial 

i. inlet air 

3. liM oil 

4. eoolant 



4^74, 



Aiiuiii that a diaeeL •n^ine his bmmn 
operating nomiiUy and auddenly beqina 
to puff thick, tolaek ■moke froin itn 
•xhauat* The Mohanlo Hhould flfit Imk 
for 

I* an air look In the fuel lln«fl 
a. a f reaie^eloggad fuel injector 

3. dirt or grit holding a ipray nn^ile 
open 

4, water blocking an eMpanilon loop in 
the fuel Una 

Ifhen a dieael engine ie known to be in 
good neohanical oonditlan but la hard 
to atart and parfoiiie eluggiBhly, th«i 
trouble ia moat Ukaly to be tracod to 

1 , worn injector pumpe 

2, Ptioking rlnga 

1, iaored oyllnder linara 

4* aticking air intake valves 

Which of the following can toeuit when 
water entera the fuel eyeteRi of a diesel 
engine? 

1 * Overepaeding 

2, Mieiing and atalling 

3^ Smoking ai^auat esiisaione 
4* All of the abova 

Iftan air ie knom to be in the fuel 
ayatea of a dieael engine^ which of the 
followi^ prooadurai ahould you follow 
to raasve the air? 

1. CoR^letely fill the fuel tank 

2* Qparate tha angina at high idle for 
a ahort parlod of tine 

3. Bleed tJia fual iyetem 

4. Idle the angina until ita operating 
tea^ratura it reaohed 

In teeting the injastore of a diesel 
engine that fails to opareta properly i 
you out out one oylinder at a tine and 
obaerve engine operation* Whioh of the 
following aonditiona indioates a defeC'^ 
tive injeotor for the out-out cylinder? 

1~ Thm dafaot ia laora pronounoed 

2. Irre^lar oj^ratlon of the engine 
raiBaina unohanged 

3# Irrefular oparation of the engine is 

alienated 
4, Ingina apaed inoreaaee 
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relAtlonihi|< of thai cooling iVAtea 
to ifflclctit •ngiiitt opartclcint pDlni^ 
out diilgti mid tunctioiuil faaCurei 
of indlvidiial eofitlini iyiCiffi eom^ 
ponanti, and Id^^ntlfy naintAnflneii 
pfoetdufti appUoii^blA to cooilnf 



5-1 « Cyllndtr vail tsmperAturi ahould mt bt 
allowid to ttietftd iOO^F btteAuie 

1. chd Qonbuation ;>iuit of th% lubrlei'- 
ting oil may bu e^xeMdad 

2, no radlAtor eooJ(iii^.ti will wlthltand 
hlght? iiBpaifituraa 

3* «xe«a0 Mhiuet gaa^a build up faibir 

thAn thay can ba efpillad 
4. lubriciElag oil film tend to braAk 

dawn vith losa of lubrleating propiir^ 

ti«« 

5^2 « the epproxiMtt pereenCfig?i of tnilne haat 

diaftpattd chrough the coollngft iubrigacingi 
end fuel syBte&e la 

1, 15% 

2, 251 
3* 351 
4, 451 

S-3i In en elr-^cooled angina » eoollng efflelancy 
la dependent on which of the follotflng 
faetore? 

li Heat eondiietlylty of the engine's 

aieCalllc pmttn 
2. VoluM Qi alir that cireulatea aroimd 

engina aurfaeaa 
3i Dlfferaaoe batmen air tttpafaturi 

end engtoe tttperature 
4, Eaeh ol the abovi 



^-4, Why are cyllndare un «n iilr-cooled t^ngine 
nounted indepeiidehtly ? 

K To liduci €Ugln« w^L||hL 

2, To expoMe laore lurfaco uron to the 

cooling nediuDi 
3* To jlininata the need for eaoling 

■yntin naint«nance * 
4 To pravldi eaiy Aceaai to the crankcase 

5^5. Whleh of the folloving Gompononcs ie 
raqulrod on all atationary alr^'cooled 
enginii? 

1, Baffitttt 

2, Tharffloftats 

3, Fane or blovera 

5^6 i Coolant in a liquid cooling syattm flowi 
dirictly f rots tha vater pump to the 

1, boCtas of the radiator 

2. cyllndtr black 
3« cylinder head 

4* top of thi radiator 

5^7* When thm aoolant in a nultlcylinder 

vihlcular anglnt leaveg the engine and 
pgBies through the radiator i heat is 
removed froa the coolant by Che 

li rapid ivaporation of ^iature froiQ 
the radiator core surfecea 

2, airflow through the radiator 

3« ciraulatlon of the coolant through the 
irater Jackst 

4, circulatloa of air around the engine 
bloek 

5^8* A liquid coollag iyaten'e efflclincy li 

af fee ted by vhleh of the fQllowlng factors? 

1. Slse of the aoolanc pasgagea In the 
engine 

2* Capacity of the water punp 

3, §lie of the radiator 

4, Each of the above 
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^-M. Htm do rNdlitiir fiiin iiifUtltMit^ tii iUiJlltii 
Ayit«« nfflnUricyt 

1. Th§y hold thp ttibtii In m poHltlofi 
that *lloifi RMitliiMin coiUflct with ihi 
Air f lotf 

2, Ihiy incr»iiiiii h«i^t dlfiiil|intlim by 

to air fldv 
1* Thpy inereaiii hcut dlBiiiJAtion 

by tnlirglng ch« •urfaqc «rea ixpaiiid 

to thff aeolatic 
4» Th«y dlr«cL th# flmr of «lr to the 

hottiiit partii of the rmHator 

^-10* A radiitor In tpquippftl with i U-paund 

pt-iiffiuri cap. ^^i«t tffeet doeg thlH cap 

hiVf on the boiling point of t|iP rnnl^n!? 

1. Lowtrii it 36' 
?i Riitiififi It 36*^ 

3. lo¥mtn it y 

4, Riilaes it 3« 

3-11. Dnt of tht ■prlng loaded valvtB In a 
preasura cap controli presaura lit tha 
cooling iyataoi wh^rfeaB the purpoae of tht 
othar la to 

1* prtvant tha lois of coolant 
2« aeal thi ovarflow pipe 
3« €OftCfoi the flo^ of coolant In Cha 
radiator 

4. privant vaeuua from building up in 
tha radlatQr wh^n it coolg 

5^12. You ahould ba careiul In ramovlng the dap 
from a hot, prtasutlEtd radiator to avoid 

1» rapid angina ecollng 

2. axcaaslvt eodlint loii 

3. being burnad by thi hot eeolant 

5-13, Which of tha following typai of *^iter 

pUBpa ara coniDnly uaad on liquid coo lad 
enginea? 

1. Honpoaitlva diaplacamant cantrifygal 

2. Poaitiva diaplacaraent oantrifugal 

3. Foaltive dlaplfiSemant vaiia 

4. Honpoaitlva dlaplactsant vana 

3^-14, Soaa liquid coolljig eyatama uaa a shroud 
in eonjunction vlch tha fan to 

1. rtduca fan apaed at high angina 
apaada 

2p dlraes air froa thm fan to angina 
a ur fact a 

3. Incraaaa tha mount of air drawn by 
the fan through tha radtatdr 

4, laproTa the flow of air through tha 
radiator at high engine apaada 



1 = 15. ¥\\i(ih of thu foUowlni l» « lik#iy cauaa 
of nrtiiei vibratlnti, and fr#qupnt iratar 
puflff) failure? 

1. ht\ inproperly adjunlPd drlvtf hmll 

2, h bant fan bladt 

1, h itrong solution of Antlfre^fi 

5-16, ITio purpoai of a fan clutch ubpU on ■oBia 
automotive enginea ii to 

1 i give the optrator thp option of di§* 
engagitig the fan at high npif!il 

2, Increaaa the volump uf air aupplied 
to the fan 

3, Increaie or dacreaie fan epeed 
depend ing on engine teinperature 
dittengage tht^ f^n wh^n ^nKtu#' n|ieed 
la increaiad 

5 17i The water Jacket of an engine coneliita of 
only thoaa paaaageii provided within the 
cylinder block for coolant circulation, 

5^18* A coolant (water) diatrlbution tube 

uaad in tha eoollng eygtemfl of L^htad 
enginaa in order to 

1« diaparae hot ooolant that anters the 

top tank of the radiator 
2t diatrlbuta tha aoolant equally 

batwaen the cylinder block and 

cylindar head 
3i dlract the coolant to the eyllndtr 

head only 

4« diraet tha coolant to the hottaat 
parte of the cylinders 

5^19 # Why are therroatata uaed in automQtlve 
dQdling ayatasa? 

1. to control angina operating 
temparaturea 

2. To previnc eraskcaae sludge buildup 

3. To radUQa fual eonauaptlon 
4« All of the above 

5^20 « During engine warmupi a tharmoatst 
raatrlcea tha coolant flow at the 

I, radiator outlet 

2 m vatar piAp Inlet 

3, eylindar head outlac 

4* radiator inlet 

S^2l« Vhat happena to a widt opin thermostat 
i^en Ita ballowa or pellet ruptures? 

1, It eloaea coi^letely 

2. It remalna wide opan 

3a It aasuoaa a half^opan, half^cloaed 
poaltlon 
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ShutlttfB BtK plictd In fftmt of tH# 
ridtitori iiMd with •nglniv to 

I, bloak th« floif of lir chrough tH« 

1, pravint fdtiliin utrtr tmm tntirlnii 

1. «H«ln«t« nttiJ for 4 cooling fun 
4 1 •llMln«it tM n«id for • f«ii elutch 

5*21, RAdiitor ■huf^ltri used pti Lifgi trucki Atm 

!, tiiit«f ttaperituri 
3. iir {•■paraturt 

1-;^. Thr nnp^mim tmki in clontd coylliig 
HyeCiM ■•rv« to do which of th« fol- 
loving? 

li IncriiBi fch« systin'a eoaling capacity 

2, EllDlMt* thf nA«d for « pr«tiur« 
cap 

3, Frcvanc coolint lomw 
A. Rach of eh« ibov« 

5-^2 5 1 What p«rctntA|c of iiiiifraiaf la iiaidid 
in a cooling syataiB to provlda mMKt%um 
prottctlon from frtaiini? 



I. 


40 


2. 


SO 
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5^26 « Bfficiant eodling lyataa oparatlon la 

moit ittpofeant imdcr vhlch aingina Dpsrat- 
Ing €onditiosi? 

1, Idla tpiad In alov traffic on hot daya 

2, Idla •piad for long paflods an cpoI 
da^i 

34 High spaada on sold days 
4, Intaraadiata apaadm In fiat soving 
traffic 

5^27. What shouid you do cs pravtnt untiAfitad 
if earaffacts from tha uta of a elating 
co^ousid in tha eooltfig ayatim ef an 
inilna? 

1. Fill tha ayatam mitti a 601 ■Qlutlon 

of antifraaaa 
2« Ravarift fluah tha eoolini ayataa 
3« Follow lip with thi uf« of a neutral- 

iiing aoiution 
4, Operate the angina at a high 

tei&parattira for 10 minutia 
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pfijlinp hliifk, y«m «hriyld do »dilrh of th# 
f»llnwlhg? 

1, Rfmnvp the radliitcir cmp 

7, rtlHconnf the upptr and Um9f radliitar 

1, lilaqonnict th« uppur and la%fer ridlatur 

hnM«fi frm ihf radlatpr 
4» C)p#h tht driln cof-k at thm hot torn of 

the radlatar 

Wt\#n Adding antlfrpete to a coaling ayHtttni 
yoii do MOT n«ed to do which of the fol- 

li nfterminc thi! capacity of thi cooling 
nyatam 

2i TliurQUghiy inipucL th@ cuuling aysLuD'tt 
cosponcntfl 

ji Mix tha fintifreeic with water before 
flddlnK to the eoollng lyatin 

5-30^ A coolant nlKCur^ containing 501 antlfreeie 
vtll providi adaquate protiction agalnat 
freezing to a minimum tanpiraeure of 

3, -lO^r 

Afcif adding antifreize to a cooling 
aysteQ, you fihould do which of the fol^ 
lowing? 

li Fill thi radiator to operating capacity 
with wacar 

2i Dparate cha angine to mix the solution 
3t Check tha aolutlon vith an antlfreeie 
hydromacar 

4. Each of tha ahova 

5^32 1 Which of the following , prob lame could 
causa the coolant in a liquid cooling 
ays tea to bubble or foasi? 

1. k leak in tha lower radiator hoaa 

2. k dafeeCive watar ptimp seal 

3p k leaking aylinder haad gdakat 
Each of tha above 

5^3 3 i To eliminate smII air leaks at the lower 
radiatOT hose connections , you should do 
which of the following? 

1. Rjeplace the hosa 

2, lighten the heie claopa 

3p Goat the hoai conneetiana with gaaket 
aament 

4« Ifiattll an tmvented radiator cap 
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5-34, Whtin prtparini to ch#i:k n ouoilni MyiilPin 
to d«t#rfilfii if #Jihjiiiftt %ikmfm *rp pni^r- 
Inn th* cooUnt, ym dn NOT fi#pd to r^wwivr 
which of ihi foliowlnR com|Mm#nifl? 

t. t<ti«tifr fidlnror hnnp 
^. fiti belt 

bov cmn you IpII thiit a rofiliriK Bysf pm 
ill Ipflkinfi? 

U By « dp c Fp A H p in w-f i ! 
2, By iin lncr«flii« In vnlunip 
3i By iin incr^«»p In pr#iinurp 
By A dprrritiir In prrsBurF* 

5-16i To find a cofliprt nil Ion Irak In a V-li 

vngtnt with II rudlfltnr prppwurn tpMirr* 
you ahould IroIacp the bank of cyl lndc*rH 
containing the l#Ak« 

5^37^ By taAClng the coolant in a conllng aystrtfl 
with n hydfontter» yuu can d^termlite 
whtchtr or not the coolont will prov id** 
adcqu«fc« prociction againflt 

l« leaking 
2. clogging 
3« ffttElng 
4i boiling 

5^38* Tticlng an antlfraesi solutlan when Its 

CempiTatuft la 50^F may result in a falaa 
riiadlng because 

Jl. anElfrtiEt changes color when Goeled 

Zi the solution li not thin snough 

3» vat@r and anclfrteze art not ggluble 

at this tenperatufe 
4, water tends co expand at this 

feesperature 

S^39i Whan back flushing falli to unelog chg 
water Jacket In an engine that is ovrnt^ 
heating t which of the following actlsns 
should you take? 



S h\, y\\y Ir a V^iv stMl 1 lP«k PSfllPr to dftCct 
Iti r of>lln| HyfltPffA that cimtatn an antl* 
frppfp R«ilMtton thfln In thoRp fhflt do not? 

l» Anilftppf.p tpflvps n fpnidu^i WAtPl 
di^ps no! 

? i Mo TP Ant t f rprpip I «^rtks HiriMigh than 
watpr 

K An It f t^^fir.p tliifffl not PVAiHiratP as 
fant AS wai#r 

Afitlfr^*!?*' in colorpcli watpr in 
CO lor l^fls 

*)-h2, Aft^r i^huttlng down an vnginp that haa run 
fnr mme tlmpi you can chpik fh© radiatnr 
to ftrp tf It 1a piirtlally rltHmnd by 

!. inkliiK Ihi' t rmpf I jU urr of th^ rcnilAnt 
in iho lower radiator outlet 

2. taking the temperature of the ruolant 
in the upper rndlator tank 

3. feeling tho top and bottom of tha 
radiator core with your hand 

After tightening the clamp on a new 
radiator hoie. what should you do If the 
uonn*ict Ion leaks? 

1. Replace the hose 

2* Heplace the clamp 

3* Put a sealer an the connection 

4* Install a second clamp 

3-44, A radiator hose that ia suspected of 

being faulty but does not feel muahy must 
be renoved for inspection if the hose Is 

1* pre formed 
2* snolded 

3^ spring stiffened 

Why do most water pumps require little or 
no malncenanee? 

I* They contain packing glands 
2m They have sealed bearings 
3« They ar€ gear driven 
4« Their Inpeller shafts are made of case 
hirdafied steel 



li Remove the cylinder head(s} and ball 5-46. 

In a cleaning solution 
2« Remove the core hole plugs and flush 

directly through the openings 

3, Remove the old thermos tat and riplace 
it with one having a lower opening 
taDpiracure 

4. Replace the water pimp or install 
a larger impeller 



A water pump fails to circulate an adequate 
volume of coolants The problem Is 
normally caused by 

If a loose fan belt 

2* eroded Impeller blades 

3» worn pmp housing 

4, faulty shaft bearings 



5-40. Radiator leaks are often caused hy 

1, vlbraclan 

2, ruat 

3, overheating 
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^4?, rnfrtf^t fiinh«lr fpn«iif^»i In Hpt *nmii!fs(i 

2 . vlfUli nf thp hp If 

it i|pflprtt»n nf thp hpM bprwniMi 

tn mom «ppi leit Ifiiirt , yon < rtt! r«'mnvr Mi*' 
fun hmlt iftrr InnMPtiing whlrh nf rhf 
f ol lDi#in||? 

1, Air eondltitinipr hv]i 
2 . PcYVir ■t^#rinK hp\\ 

3, Fan hiadffi 

4. (i#nflritdr ni<iunt Inn txUtH 

-»49, You nf* ch#rkin^ n t'nnl in^ NVPtr»'m t iufi 
A ihcrimiRtat i\\m hittM to ««(.t<iM!<^ 
rnrrtrtly* What Hhtiiihl vuu lio wMfi i hr 
them^slai ? 

I* Kepfltr it 

2^ Replace It 

3. CUfln it 

4. Adjust tt 

^50* A 180® F thermoHtflt Hhould ht* cdmi) Um.o ly 
open iirtiiri the coolant; ri^nchi'H Ifld^F, 



Ledfning Objective: tdyntlfy 
typia of lubrication syatema 
and point out their operAtlonal 
Chirac ttr Is tlqi and m/ilntennnco 
requlreaenta. 



51* The pftinary function of an engine'.^ 
lubrication syactm is to 

1* rtduce friction 
2* previfit ovirheatlng 
3* ellisinate engine aelsure 
4« provide a seal between the cylindsfB 
and ringa 

52, Which of the following li an operating 

pFineiplt of the 2-gesr type of oil pump? 

1* Both geara are Independently driven 
by shafts 

2* Both gears turn in the same direction 

3. Pusping action forces oil to pass 
betvien the gear teeth 

4. The pimp Is driven by the camahaft 
or diatributor 
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pr |tu ip i** n r t hp ro! rt i V nil intmp ? 

1 , iltp t !li\pr t \h t IMin li M V I ni ;n <Mi 

It) rlip nitrpr rutcu 

t'fip pump !« <irlvrti hv llir ^ujlpt 

t i(t nt 

K Its rtitorM hitii in thp Nfiin*« tllrps iion 
^4 , llM tnftH'H tilth In (jppcmiir flltrMfliMi 

Wiiv \^ i\ rollpf Vrityo plrtrPi! In t hi' 
] ub r 1 r^i t I nt) HVMtpm of nn (Mi^ini'^ 

1. 1(1 prpv^iH tlamnHitlK tHr Iritorti'il puiH 
nf nil pnmp 

. l ii pr<5Vldr M\ ndoqilatP Riipply f 
tn thp rtUi'tinn Midr n! t tin oil puhip 
T*t fpj^tilnrr I't-fRMuin tfrllvf rt^*! l»v 
Hip nil pnnip 

in prt^ypnr ovim hilM I f fU liut iif \\\r 
PM^ \ Ml' liPrt r i 

'»">, Thp f trMl IntlU'rttfnf^ nf Inw iMi^JtU' nl l 
prpMNiirp iMi Romr vPhlt Iom woijhl hp In 
thp foiTii (if 

1, lilRh iMiglnp tpmptT-'il ut 

2^ a wnrnlng light on tho 1 nHt riimriit 
pnnei 

1* n knocking nolHp pfjmln^ from iho 
onglnu 

4, i\ Hudden lc>Hs of power 

*)^5fji Tn an ongitio iuhripatlon Hystt»m» wfioro 
will you find an oil Htralner? 

I* In the oil rut urn lint' to the crnnk^ 
caRO 

2. At the Inlet of ttic oil pump pickup 
tube 

3# In the dischargo line froin the oil 
pump 

5^57* Oil strainers aometlmeB contain a safpty 
valve for the purpose of 

1. limiting the amount of oil entering 
the oil pump 

2. controlling the oil level In the 
oil pan 

3. controlling pump dlacharge pressure 

4. allowing oil to bypaae a clogged 
icreen 

5^58* Dlrtf water, and sludge do NOT pBBg 
through an oil itralnir with the oil 
because of which of the following reasons? 

1. All oil la collected from thi surface 

of the oil in the oil pan 
2* The mesh of the screen will allow only 

the lubricating oil to pasa 
3, "Hie strainers are located above Che 

bottom of the oil pan 
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^"-Sf, or Ihi follo^iiiiii i^leh im mn iidviintii||ft 
of utifii « full fhw oil ftirpr in « 
liibfiestlni pyitPin? 

J. Ttte flliff h«ii thf cflpaclty to «irfll« 
nU the oil iupplttd by th# oil pump 

2» Th# fittpr n«vf»r pffrttltH iiny unflU^rf^cl 
oil to rpAch th# fnovlriK partu of th* 
ifliintf 

3« The fllttf do#ii nut n«id chatl|ttni ar 

ofttn All other typ^m of fllterfl 
4( Runh af tlli Ahuve 

5^60. Why domm the fiArti«l flow fllttfr lllim^ 
tfAted in textbonk flf|tirA 5-16 eontilih n 
fentriptlon? 

t. To Hfitf fhi^ rtmiMMi! iif {ifl Mnipf Inn 
the filter 

2« Td flllcn# aiiequate filtering of the oil 
thit clrculAten thruunh the nyiitem 

3» To presfcnt unwanted contaminantB from 
ruachlng the engine 'i ouvlng parta 

4* To tniure adiqiMtt oil preaiura in th^ 
lubricating lyatetn 

5^61 « The oil level gage for an enplne IndicnteB 
the eiiact aaount of oil In the crankcaae. 



in iceeia 5-62 through 3-64 , ailaet from coluisi B 
th« lubrteating ayateiit deaerlbed In eolunii At 
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5^62^ Valve aiaehanlems 
are lubrlcaced by 
oil droplets mnd 
mlat 

5^63* Oil under pres^ 
aura lubrtcatei 
the rod bearings I 
piston plna are 
splash iubrlcated 

5^64, Oil under pres^ 
aura lubrlestea 
the rod beatings 
and p la ton pins 



fti Lubricating 
Syate as 



Splaah 

Combination 
Bpiash and 
forct^fitd 

Perce- feed 

Full force- 
feed 



'f-fih , In c hAngtng engine oil« vlien ahaultt you 
dfuln t\\m oil friiw a vehicle? 

1, Wh#ti the engltit ia warn 

nnfurt the engine has been started 
1. Anytime 

4* Wl\Pnever the vphicle la rlpadliiied 

V-h^* l/hlch of the fol loving typea of oil 

filterii inust he diiconnected froil the oil 
lines bffore Che filter can be dismounted? 

1* Drain plug equippad partial floti type 

7. Nonreplaceahle elisent typp 

1* Kxtirtial bypaia screw^on fvpn 

4« Notidraln equipped partial 1 lu^ type 

'5 fiH. ARaua# lhat an fO fepnrts th*it s VfhU ie 
has a low oil pr#MBUre rt^adliig. Wbli^h of 
the fdlloving conditiuni cauld bii the 
cauae? 

U Defictlve oil pump 
2* Difoetlve oil gagi 

3« Improper grade of oil or low oil level 
4* Bach of the above 

5-69. Which of the following is Indicated by 
a high oil preaaure reading that racurs 
conatintly? 

li Worn englQe bearing 
2i Overheatad engine 
3i Blocksd oil paaiage 
4. Diluted oil 

5^70« Oil puap or pressure relief valva fallurt 
la normally the ciuee ot lov oil prssaurai 

5-71, Which of ths following la the bait lastho^ 
of detemlnltig how an oil puap la drlvsnt 

ii RiiBove ths dlatrlbutor to cheek 

whether or not it has a gear on the 

end of Its shaft 
2* RetBo>re the oil pan to notice the way 

the pmp la oounted 
3* Conault the Banufaeturer - s malntenancs 

flianusl 

4i RetBove the oil punp to st# whether it 
has a slot or a gear on the and of its 
shaft 



5^65 » iftilch of the following deterslnes the 
frequency of engine oil changes for 
Nsyy vehicles? 

1* PravenClve isaintenanct sehedulea 

2. CllBStle conditions 

3, Adverse operating condlclona 
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^hniiltl ytMi fill t hf* rfinmliFf wif h »Mp 

1. Tt^ pt^vf'nr ttMiM drtm^g^ ^hpj\ fim 

Til i«1iml)iill# rtfr poc hPlR thrti rinilM 
rpptrtct oil flow 

Hh«ft vil 1 Mnd 

fji mrtkff ^ur^ Tl»^if t!\p pump will 

lijIuli^Mn^ RVBfpm l« 

I, k^rp t hi* ^y«|pm rlr«h 

oil lllirr 

S-^^t, Wljrn mUr»i1 wllh luhrhiiMnR. wltiih 
uf th«* r?* I lowing 3c»ivP!irti pak^^H n KOiiii 
I t>mp«MnuJ for flush !ng iMii^iT^t*.* 

1 No. I diPiirl furl 
No, 2 illPB^i fiipl 



i, Cont itiiip tc» run iKf* pnglfif*| lh|p 

li*rt fiftqp f « tHnrnfli 

Srop t iip ^tifinP* t iipfi FpRirtrt ?irtf»r 

It rofi t» off 

\, Kfop Hip ptiginp finil prtriUlly i\r^\u 
fh^ cr^nkrflsP h^for^ rontlnuing 

, Shut off rlin ^fijilnft tli^n (H^rk for 
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Assignment 6 



^ e3rttoofc> SAyroffiA 106^^-0 i Pages 148^177 



LaWal^g Objective I R#oQ^li# fu^da^ 
Hes^&li of Aut^Lotlve eltctrlslty- 



eelioui B %h<^ term damned In ooltmn A« 



A^ Defialtiong 

6^3 • Flowg a SDuree 

fr-3# C^ntalBs many frt^ 



1, Condugtor 

2* Altii^atlsg 
current 

3p Initiator 

DlriQt eurrent 



aolim B tersi vMch li defined in QOlttt^ A> 



A. Defiiaitioae 

6^km Th^ mmm% of current 
flow 

1^5 • ^ha for^e that causes 
eurrtat flow 



fhe opposition to tb# 
flow of current 



Bj! Tmrm 

1, Volt^e 

2« Conduator 

3« Average 

U« ReslstanQa 



6*7 # %d amoust of ewrtnt flov In a d^c alrQult 
Qf flmd reslitiyiet Is deptndent upon 

1. Gonduator slss 

2^ circuit Xaagth 

3* cttrreat direct Ian 

b« appliid Tpltage 



6-^8 « In an elect rleal circuit vith a ti%^d 

reglat^eti a drop in voltage vlll Qsuse 
a/i^ 

1. incFeast in currtnt flow 

2i Increase in circuit resistance 

3« reduction In current flow 

k~ reduction In circuit rtilstanc^ 

6^9- M^netlc lines of farce QUtilde a magnet 
flow la paths from the 

li north pole to tbi south pelt 

2* south pole to the north pole 

3« itfis to tht south pole 

k. north pole to the i^is 

6^10 # Which means of inducting current to flov 
In a conductor li applied to an autoi^otlva 
Ifinltion coil? 

1* Movlag the conductoi' through a 

itatlona]^ migaetic field 
2i Holding the conductor statloniury 

vhile a mi^etie rield is moved 

through it 

3* Holding stationary hoth the conductor 
and an electrmi^tt vhile cur rest 
flow to the elect roma^et is wXtm^^ 
natel^ started md stopped 

km Holding a abarged rod near the 
conductor 

6*11* In a lead^acid storage battery p current 
is produced 'ty 

li magnetic 

ii cbralc^ reaction 

3» loniiatlos 

k* themal radiation 
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1^12 • Wliy af^ the Cell tlesitats 0t & gtoraie 

1. Tq flilo'V the electrolyse to circtaatt 
u&4#r eltmeati 

2. To p^my^nt the eellg aborting against 
the bottc^ of the oapa 

3- To r^duoe the mmmt of lead needed 
foT Qenaeatlng the e#lia and tetjainal 
post a 

4* To p^Bvmt ihorting of im cells when 
M^mH^ ftfom the plat^a aettlea to 
th^ bottom of the ease 

&-13. The e^p&Qity of a etll dej^nda upon vhich 
of tht folloviag fact org ? 

1* Th# area of the plattf in eoutsct 

wtth the eleetrolyte aad the quantity 
and ipeelflQ gravity of ^i^g electro- 
lyte 

2. Tha type of ieparators tod the final 
HsHttag voltage 

3* The general condition of the hatteiy 
(dagre^ of sulfating, plates huekledp 
sepij'atpra vaipedi sedimtat in hottoa 
of oellp, and so forth) 
All of the above 

A 12-vc?lt lead-aeid, autofflottve tattery 
eonsliti of hov mtoy cellg ^^onneeted io 
aerie a f 

I. la 

a, a 

3. 6 



Ltarning Ohjeetiye^ Point a^t meth- 
odfl and teehnlquei of seryiging, 
testing i %nd maintaining st^r^a 
batterieg. 



15 • When taking a hydrometer reading of a 

battel vhose temperature Ig pS^Fp whioh 
of the following ealciilatloBi do you 
ptrfora to detefmloe the acfUal specific 
gravity of the electrolyte? 

li Add 0^006 to your reading 
2, Add 0*008 to yoi^ f^ading 
3* Suhtraot 0#006 froa your reading 
Subtract 0*008 tvm your reading 

6# In battery ehargliigj either the currtnt 
or voit^a i§ kept coaatant. 



6-lT. What Qharging rate aHould you uie in 
charging a 19*plate feattery hy the 
eonitant-current method? 

1, 9 imp 

2. 10 amp 
3* 19 amp 

6^18. ^at causes the valua of thi charflng 
current to ehwige in a eonstant voltage 
tatteiy charger? 

1. The bs.t%mry increasingly reiiats 
current as its own charge builds up 

2, 4 clock^actuated rheostat adjusts 
the current value 

3* A rectifier tube automatically 
adjuits the eurrent value 

hi Thm optrator ehangea plug-in 

positions to lower the charger's 
output at half^hour intervals 

6^19* You are about to connect a 'battery to a 
charger vhtn you notice that the ttimlnel 
markings on the batteiy posts are com- 
pletely oblitarated. To insure correct 
tatttry-^to^charger connections 1 you 
should 

li check the battery vith an ammeter to 
detemint the poaitive post 

2, connect the largar battery post to 
the unmarHed chargir terminal 

3* energlie the charger ^d observe the 
charger gage reading as you touch the 
hsttei^ cables to the charger 
tenninali 

connect the larger battery post to 
the mwrked gharger teminal 

6^S0* Of the felloving practices, which one 

should the mechanic obaerve when charging 
batteriei? 

1. Before charging, add sulfuric acid to 
my cell in which the electrolyte Is 
helov the plates 

2, Before ch^gingi remove vent plugs to 
prevent accumulation of gases 

3- During charging, mark dora frequent 
hydrometer rtadlngs to determine if 
the batteiy is fHinctioning properly 

k. Remove each hattiry for a lO^mlaute 
break when half charged 

6=-2l » V^at ihoiild be done with a new fi^volt 
battery that only shows k volts on a 
voltmtter? 



1^ Add electrolyte 

2, Recharge it 

3. Discard it 

Put it in service to see whether its 
voltage will increaie or decrease 
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md^^Lty "batteiy, you say hmym to charie 

-23* Vftiiah of th« foUoviug is tJi# a&fe way to 
mi% 0lmQ%foly%m for a lead^tetd Mtteiy? 

1, Pour water int^o acid iloviy tod itir 

2. Pour water into aeid ilowly and stir 
vigor ouily 

3* Pour s^ld lato ^ater eloyiy and stir 
gently 

Pour aeii Iftto >/attf slowly and stir 

^24* Asiust that y'cu have t^en f^nishfd vith 
ffUlfurie agld of i.Uoo ppeGlfic gravity* 
V^ich of tha follovtng is tiig proper va^ 
to ottaln aiectrpljrte af l.gpO sptelflG 
gJ'&vlty? 

L* Po^ 9 parts of vatar liitQ gQ partB of 
the mcid 

2^ Pour 8 parts of the acid Into 3 p^rfcs 
of vatar 

3- Pour 3 parts of the acid Into Q parti 
of water 

Pour 20 parts of the aeld into 9 parte 
of water 

25' Whieh of the follotftng initruDienti ii 
regOBimended for det training whether or 
aot a bat t try will fi;ujatlon wdtr a nomal 
craaKlQi load whea it ii instiled la a 
vahiele? 

1 ^ HydroBittir 

a* Voltmeter 

3* Light load tgstir 

S* Battery starter teittr 



Laarnliig Objeetlvei point out tht 
piirpoia and operating prlnQiples of 
autOtoQtlve geatrstors. 



26* "ttie generator eonvarti Bieehaftioal enirar 
Into eltctrioal mmt^ and rtstorei the 
tettgry with the esir^ It ©^tnds* 

27 • current ipiiera-tid by m alterfti-tor ti 

<50iiv©rted to dlreo'fc eurrent 'by ft^^s of 

1* arsatiire ootl 
S« eQndt&ier 
3# reotlfier 

stationer field ooll 




Figure 6a. 

6^28* irtiy is the emf Indueed in the amature 
eqll of a d-c generator at Ite majclmua 
valui when the arasature ooll le In the 
poBltion ihown in fiiure 6A? 

1. If cause tha deniity of the lines of 

foree Is greatest 
2* Bec&Uie ar^atii^e ooll is cutting 

tha grtatest niMhar ©f lines of force 

per second 
3» BiQSUii tha armatU2*e Qoll is BOVlng 

almost parallel with the field 
l*a lacauit tha truihai are In aost 

tffeetlvt Gontaot with the eofflautator 

ii^ente 

6^29* The alternatlRg currant In the armatur© 
coil of a d-^o generator is Qhangad to 
dlreet currant In tha external qireult 
hy the 

1 • atmstura 

2 * cgMUtator 

3* changei in the pQlarlty of the fiald 
ii* slip rlngi 

6-- 30* What thi pur^oea of tha field windJiias 
in a d^s ginerfttor? 

1, T© inofaaie the strength of the 

roagnetie field 
2# To decraasf the strength of the 

ma^ietle field 
3* To pei^t a imoother flow of current 
li* To ehe^ge alternating aurrent to 

dirtot current 

6-- 31* The output af a d-c generator ie deter- 
mlntd toy vhioh of the following faotors? 

1* Spaed of tha ai^atura rotation 
2- Hm^er of awaturg conduotori 
3* Strength of the magnet ie field 
All of tha abova 
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6*32. Thm eu^rtat ragulator funGtioni to pro^ 6^37. a§.us%§ loldei? globules to foM Insiae 

t#ct the electrleU, mym^m by th^ cover isafid of g ganeratoa*? 



1. IJAltini tbt ^Attf^ output 

2. limiting th# gaaerator output 

3. dlseonaestini aleetridal aaeasBoriti 
warslng thf equipaept operator 

6-^33* The vibrating-t5T^ voit&ge rigulstor 
funafcloni to prot^et thi ©leetrical 
Bystm trm posiitle daflagf due to high 
Gireuit voltsgei %y 



1. 


adding and reaovihg resistance 


in %m 




generator fit Id 




a. 


short circuiting the Stnerator 






turf vd^idingi 




3. 


inGresiing th# ayitem-y tlectriaal 




load 






diaeonnecting th# battery from 


the 




syatea 





--3^* The ma^etie field in an alternator ii 
ertated by whieh of the follow^ing? 

1» Residual ma^etipsi contained in the 
rotor pole piegeg 

2. Rtildual jsagnetiisi contained in the 
itator agiembly 

3* eurrent phasing t^rou^ the rotor 
eoil t© ground 

^35* How a^e the itator vliidings cottneeted in 
an alternator? 

1* One end of taeh vending is eonnected 
to % poiitivt 4ig4a and the other to 
a negativf diode 

2* One end of each i^pdiag Is oonneGted 
t© both a negative aftd a positive 
dloda, while th# oth^T enda are 
interconnected intf^nally in the 
s tat or 

3* One end of each vrinding is gonneated 
to a ntgative diofle tod the other end 
to a pair of positive diodes 

*36i Hov aany diodes art grounded in m alter^ 
nator asgesbly? 

1. 1 

6 

3. 3 



Learning Objective i ptsgrlhe the 
fundamtntals of aaalntalning and 
ttiting gentrators^ 



1* ExQmBivm Querent output 
S. An Qpen fl^ld clreuit 
3, fcecegsiveiy vorn bruih^s 
laternally ihorted araature 

6*38 » brush sprlngi la a d^o generator 

^11 result in areing Mid burning of the 
Gomutttor and brushes. 

6^39 • Which of the tQlXovtpq is a poor practice 
in the dlsassiftbly oi' a gent fat or f 

1, Before r^oving the end frames ^ place 

the generator on end 
2p Cheek for marKi which will htlp you 

line up th^ parti correctly whin you 

reass^hle the ganerator 
3» lefore removing the bmsh and* die- 

eonneet the leadi of the field coll 
^* After removing the hruahes froa 

their holderip ease up the brush 

iprlng tension 

6~Uo* A test la^ lifhta vith nortoal brilliance 
Khen it is oonneoted to the field lead 
temlnal of a generator* vOiat does this 
indicate 1 

1, An open field 

2, A noMal field 

3, A shorted flel4 
k , A groutided field 

6^1*1. A t#it lai^ lights whm it is connected 
t© the fraai one field temlnal of a 
g^n^rator, t^hat doea this indicat^f 

1, An fiald 
2* A noiml fl%ld 
3* A shorted field 
A ^ouaded field 

6^U2s Whieh of the foliowing reslat^nae raad- 
Ings is ffiost likely If an ©hufflietar ie 
plaOed aoross a ihorted field aolll 

1« 1 o\m 
2^ 100 om§ 
3^ 100,000 ohsa 
10 mmgoimm 

6*1*3* tost type Of flu* la used for soldering 
ileetrlcal coanedtlons^ 

1* Borax 

2* Acid 

3* Bosln 

kt Sal amonlac 
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6-Uii, Of the following amstui't ttit/inaptatlon 
findings j which laale^tei tht need to 
turn down the eoamutstor? 

i, Rvto-out is 0*001 

2* Sagatnti aj't discQlored 

3, S#^enti are 3/32 in. thlok 

Ixisulmtion extendi abovt tha SfgAente 

6-^U5s Aiiima that afte^ you have turn#d an out- 
of^TQ'md comautator, you measura the 
QOTOUtfttoF and find aaoh of its sa^e&ti 
to he 3/U inch tfeicH. vmat ihould you do 
fttxt? 

1, Turn the coimutAtor until the leg^ 
manti are thlnnar 

2, iBstall the amatura back in its 
framt 

3 s Rapiaot the amature 
^, Undarout the mica hatween the eom-^ 
mutator hars 

6^k^. 4asuma that a thin iteel strip is hald 
over %hm core of an araature that Is 
placid in ft grovltr and rotated v±%h the 
eurreat on* If the strip hegias tg 
vibrate* the eircult In the amstu^a Ig 
probably 

1 ^ open 

2 , Shorted 

3 * nDimal 

^ • groLUidid 

6^k7> If a silllameter reading near sere li 
obtaintd across a pair of aomutatQr 
iagttettti on mi armaturt that is motintad 
in a grovlarj the eoil is 

1 . 'Open 

a* ihortad 
3* normal 
k* grounded 

C^^iB, Vtest should bt dona if testa of lai ai*iaa'* 
tiare indicate an open Qoll windioi after 
tbe Qonnagtioni to the eonmutator bars 
art rtsoldared? 

Im lepiaca the coamutator bars 
3* Replace the individual coil 
3# Replace the entire coil assea^ly 
kf Pisgard the tfrnature 

6^k9* ^at davica is used to maasura the tension 
of brush ipringsf 

1,. Hook geala 

2. Torque ira^eneh 
3* Qhmetar 

h. Ftaler gaga 



6-30. Whioh of the follovlng ©ethods should ba 
used to polarise tha field of a generator 
in an externally groundf d systtm? 

1, Momentarily connact the regulator 
field teminal to the rtgulator 
hattery teralnftl with a jumper wire 

2* Connect the ragtaator field terminal 
to ground for a OOTent 

3. Connect the regulator battery termi- 
nal to groiind for a ttoment 
Connect the regulator generator 
teimlnal to the regulator hattery 
temlnal momentarily , using a Jumper 
wire 

6-5Lp Whiah of the following aathodi should be 
used to polarise the field of a generator 
In an internally groundtd system which 
has a single contact volt age regulator? 

1. Momentarily connect a Jumper between 
the field teminal and the battery 
taminal of the regulator 

2* Momentarily toueh the battery termi- 
nal of the regulator vith the lead 
from the field terminal of the 
regulator 

3* Momentarily connect the regulator 
ttimature teminal te the regulator 
battery terminal 

ki Momentarij^r touch the regulator 
battery tg a groi^d 

Grounding the field ttraiiiial of an alter- 
nator will result in d^age to the 

1 * regulator 

2 . diodes 

3. rotor windings 
k . battery 

1-53 # A charging system containing an altar- 

nator oan be cheeked for proper operation 
by means of a/eui 

1^ screw^lver 

2« ameter 

3. voltaeter 

Ui' Juiqper vire 

6-5^- To dat amine If an alteraator rotor is 
internally shorted , you test the rotor 
windings vith which devlo#f 

1, ARnature growler 

2, Test lirap 

3 * Galvanometer 
k • Ohmeter 
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Testiag of an sltti^ator 
ftator Is limited to 



1. shorts optQi 
3i ^Qimd§ mi ihorts 
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Assignmenf 7 



Atttgnofei^e lleotyleityg Part II 

Textlaooky Vi^mWm lQ6€4'^i Pigci 178 - 216 



the princlpLei of ^erati&nr 



1^5, itartar motors equipped with a Sendlx 
drive will not start to tu^n until the 
itarter is engaged with the flyv/h##l* 

7-6. On ^tartar notore equipped wiUi an over- 
running clutch drive nachaniim, how i§ tha 
starter pinion disenfaged when t^e engine 
starts? 



7^1^ In a BaodesD startiAg eirguitf v^ich con- 
pciiti^t pr&vidis battiry current directly 
to the staLrtsr? 

It Ignition switch 

% , Solenoid 

3« PusUbittten ivritch 

7-2^ What eauias th© sta^'ter pinion on an 
inboard driir# starter to tngage the 
flyvheil? 

I4 h Imyn attaoliid to th# solanoid 
2 . M^9ii#tiQ repulsion 

4* Centrifugal feret 

I'^^i in a starting notcrt v^ich of the following 
featos^ei p^f^ts a large current flow foe 
developing hi.gh terque? 

1. rasistaiice in the field and arma^ 
ture vrindinfg 

2. Current £id ta teth tiie field and 
anatu^s windings 

3. fhm strong magnetio field surrounding 
the field TOils 

4* ^# la£9# nvontoeE of windings Qontiinad 
ill Uif field and axmtUfe qqIIs 

7'^4. ^e oeahanlm i^ish cauge§ the drive 
pinlm to m§mh wifth f lywheil ty 
inevtia ii KiKm a§ the 

1, Sm^Ii drive 

Zm e^ifrw^lng olutch 

3. ^mt dri^i 

4. reduction dri^t 



1^ Automatically by aantrifufal force 
2^ Auto^tioally by inartia 
3* By aotion of the springs and rolleri 
4^ By nQvement of the collar and epring 
aesembly 

7^7* In a starting eirsuit aontaining a s©le- 
noidi when ii battery ourrant supplied to 
the itarter motor? 

1. Khan the remote aontrol switch im 
oloied 

2> At the tine the ignitiai is turned to 

the start position 
$* After the starter pinion is engagid 

with the flywheel 
4* W^mn the plunger closes the oontaets 

in the solenoid 

7-8. Continued starter operation after releasing 
the starter button or ignition key is often 
caused by 

1^ a brc^en Bendijc spring 

2p a worn solenoid plunfer 

3* shorted solenoid windings 

4« a faulty pinion and rotor aisembly 

7^t* i^leh of the fQllowing starting circuit 
components is conmon to all vehiclas and 
equipment having automat io transmissioni? 

1. itarter solenoid 

1. Helay 

3, Neutral safety switch 

4. Double reduotion starter 
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parallel i#lll iUfply 24 volts for cranking 
a hiffh esaprtsiloA #nflne« 

^ tlhen answering Itans 7^11 thraugh 7^1 3 1 
refar to tajctb@@k flares 7-7 an^ 7-1* 

7^11^ How many volts are deliveri4 to the 

staftinf motor whan the st^^irting iwltGh 
is angagad? 

1. 0 

2, i 

3. 12 

4, 24 

7^12. Ganarator ohtrging currant flows from 
battary B to gmund through th^ 

1, cranking motor 

2, sarits^parallel switch 
3t solenQld 

4 , genaratar 

7^13 « l^ich of tha following voltages is 

dalivared to tha aceaggorias while tha 
angina i§ being cranKed? 

1. 6 V from battery h 

2. 12 V fron both battaries 

3. 12 V from battery h 

4^ 24 V from both battarias 

7-14^ Normally r a startar that is oparatid 

for ajccaasivt pmiiodm of tima will fail 
^eause of 

1. burnt bmshas 

2. shorted iolanoid windinfs 

3. loosi aomytator segments 

4. insulation fallura 

7-15 • If a vehiala*s gtartar fails to funQtioni 
the first Qomporiant you should ehaek for 
poasible troubla is thi 

li starter switch 

2i Starter motor 

3« ramote^OQiitrol ralay 

4» battery 

1^1%, To perform an aoeurata battery capicity 
test, whioh of the following it^s of 
information must you hava? 

It ^a ai^ara-hour oapacity of the 
battery 

2, Tha nmdber of positive plataa par 
oall 

3« Thm nittbar of nagativa plates in tht 
batta^ 

4, The apaoifle gravity of the 
elaetrolyta 



7^17* Before ^iaisembling a starting motor i 

which of the fol lowing stepi should you 
take? 

1. Replace the brushas 

2. Clean the armature with diagel 

3. Coat tha drive n^chanism with chassis 
lube 

4. Test the bruah spring teniion 

7-18- vjhleh of the following ptooadures is rec- 
«^maended for freeing a starter that is 
lookad to the engina flywheel? 

1. Cranking tht engine with a hand crank 

2. Shifting into a forward gear and 
pushing the vehicle baoHward 

3p Loosening the Itarter fastening bolts 
4. Each of the above 



Learning active i Indicate the 
purpose and function of ignition 
syst^ camponente and point out 
procaduras for maintaining and 
testing thes^ a^ponents . 



7-19. Of the three t^^es of ignition systems * 
which requirai the I^AET maintenance? 

1 , Battery 

2 , Haf neto 

3 , Tranii stori zed 

7=20* A battiry-ignition system oonsists of 
how many circuits? 

1« One 

2, Two 

3 * Thrae 

4 * Four 

7-^2 1, derating an engine with no primary 
circuit resistance will result in 

1« rapid point failure 

2* excesiiv€ secondary voltagi 

3, fraguent spark plug failure 

4, ihortinf of the distributor 
capacitor 

7^22* tniich cOi^on^nt of a battery-ignition 
syitem provides high voltage in the 
Becondary oircuit? 

1 , Distributer 

2^ Ballast resistor 

3 , Capaoitor 

4. Coil 
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7-23 • Thm distributer oontaet points Md oam 
provide a mms of ©peiilBf and eioalnf 
the prlaary eirettit. 

7-24. One of th© funetions oi the eondenier 4n 
a battery-lf hiti©n systw is to 

1. step the flow of B^giietic lines ©f 
fiuJE when the points o^n 

2. act as a safety gap foj the seeandary 

coil 

3. allow a rapid eollapae of the magnstle 
field around the priaa^ wiading 

4. regiilate the flow oi eufrent through 
the atoondary willing 

7-25. I^ioh of the £oll©winf im tte pu^ose of 
the diitrifeutot in the ignltlen syst^? 

1* To open and aloae thm priMry oircuit, 
to produce the nafnttlo buildup and 
collapse* in the imlttm eoii 

2* TP conduct the high voltage surges 
from the seeonda^ winding at tte 
proper time 

3- To direct high voita^t surges to the 
proper spark plugs 

4. All of the abovg 

7-2i. In a battery-igntion system^ high voltage 
is directed to the spark plugs in the 
correct firing order by the 

1 * battery 
2* ignition coil 
3« timer ooil 
4 * rotor 

7-27, How Bany tj^a of advance aeohanlsss are 
used on a conventional batte^-ignitlon 
syitera? 

1. One 

2. Two 

3 « Three 
4 . Four 

7-2i. In a modern distributor # which of the 
conqponents is made to rotate fey the 
advance Mchanism? 

1 « Sptor 

2* Cam 

3* Breaker plate 

4. Distributor housing 

7-2t. At what approximate speed will the aeelian- 
ical advance nechani^ in a distributor 
normally start to funetio?i? 

1* 700 

2. 1000 rpa 

3. 1200 rpm 

4. 1500 wm^ 



7-30. TOii vacuiffl type of spark advance mechan* 
isn im eonneoted between the 

1 . aarburetor and spark plugs only 
2- spark plufs and distributor only 

3. distributor and carburetor only 

4. distributor, spark plugs , and 
carburetor 

7-31, fiftiioh coeiponent of the batttry^ignition 
systen was eliminated by early model 
transistorized ignition cireuiti? 

1. Points 
2^ Condenser 
3p Coil 

4 p ^tor 

7-32, A rotating piece is used in the distrib- 
utor of a trimsistorized ignition circuit 
for the puipoie of 

1, disturbing the magnttio field so that 

a current pulse is induced in the 

pickup coil 
2^ directing the high ieGondary voltage 

to the correct spark plug terminal 

of the distributor 
3* ^sorbing the voltafe surge in the 

priaiary circuit 
4* advancing ignition timing under 

var^ious load and speed conditions 

?-^33* Sftiy do transistorised ignition circuits 
cperate with higher secondary voltages 
than older conventional ignition syst^s? 

1. To Ignite the leaner fuel mixturep 
used in modern engines 

2, To overcome high resistance in the 
secondary wiring 

3* To offset any changes that may occur 
in the coil saturation period 

7^34. Which oos^^ent of the battery- ignition 
systesi is eliminated by the use of a 
magneto? 

1 . ^tor 
2 1 Contacts 

3, Coil 

4 . Battery 

7*JS. ifhich com^nent of a magneto enables it 
to produce initial starting current 
during cranking? 

ii Horseshoe magnet 

2* Oviriiied coil winding 

3« is^ulse coupling 
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7-36. tfh«n tr©ybi©shodtiftg th^ steondary ciifcuit 7-44* 
of A transistOfiEed ignition , i^ieh of 
thm follGwlnf pfdsedurts shdulS you upef 

1^ Hold m spark pluf wire appcoximmtply 

1/2 ln€h ttam a foo4 frround 
2^ Use sn Insulafcsd toQl to hold a plug 

wir€ apptoxiaatily 1/4 ineh from a 

good gfsund 
3 9 Qround eoll vrith a earawdzivsr to 

Sit if It will produce a §park 
4, IfimmQvm m. spArk pluf and hold the tip 

appjfQiciiBately 1/4 inch tmm tht block 



7-37* imieh of the following will shorten tht 
uieful lifs of a ipark pluf ? 

1* Improptr ignition timing 

2^ Haduced contaqt gap iattlng 

3. Inoofriet oafburetor adjuftngnt 

4, Low battery voltagt 



In items 7-^38 tl^ough 7-41 # atlget £tcm col^iro 
1 the eondition that cauias the kind of deposit 
in OQiuian h to form on the flaring tndf of spark 
plugs , 



A* Kinds of DepOi^lt 
7-38* araylih-^tan 
7-39, Dry, fluffy black 
7-40, Wet and oily 
7-41, ifellow powdery 



g^*_ cgnditionp 

1 , Rieh f uel^air 
mixture 

2 * correot spark 
plug heat 

3^ Korn piston 
rings 



7-42 p Mhloh of the folloid.n9 QonditlDni 

indiaates that a spark plug v#ai not 
installed tight enoufh? 

1« Blistered insulator tip 

2i Craoked insulator 

3* Povdtry deposit on the plug 

4» All of the above 

7-43 1 When an engine is cenvtrtid to burn 
liquefied petrolev^, the ipark plugs 
should be replaced with ones of a ooldar 
htat range to r^uae 

1> oarbon deposits 
2* prt^ignitlQn 
3# eleotrode wear 



When eleaninf ipark plugs by the sand* 
blasting method # which of the following 
procedures should you follow? 

1, Upe long blast i whil# rooking the plug 

2, Upt short blasts while holding the 
plug still 

3* upe long blasti while holding the plug 
sfcill 

4* Upi short blasts while rocking the 
plug 



7»4S. How often should spark plugs be regapped? 

1* Each time a vehiole ii serviced 
2 * At iOOO-mile tnteryali only 
3* When they are ren^ved for cleaninf 
only 

4^ Any time they are removed for 
inipeotion 

7«46. v^en distributor points become burnt or 
pittidf what shQuld you do? 

1, Clean the points with a iptoiml file 
2* IMovs any burrs or pits with fine 

grit sandpaper 
3« Ciicard them and install a new set 

7-47* A fluctuation in ignition timing can be 
caused by a 

1« worn distributor bushing 

2^ faulty qondenier 

3* rioh fuel mixture 

4, restrioted exhaust system 

7-4S* After installing contact points, you find 
the fa^is do not make full Qontact, Which 
of the fol lowing stsps should you take? 

1, File the faces straight aorois the 
edge that is riding high 

2 p the movable breaker mm 

3, Bind the itationary contaot braokat 

7-49* To obtain an aoctirate reading on the 

dwell tnater when oheoking thi cam angle 
of a distributor t you should start by 
adjusting the 

1« eontaet points gap 

2, breaker plate position 

3, ^msion of the oontact point spring 

4, breaker arsi allnenent 
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7*50. im#ii feininf a vehiel©»s mqim and the 
tJ^ng mtk doms not llri# up with ttie 
»f erenow pointtjr, what ihould you do? 

Iw turn the idling lertw counter eloeteifii© 
2. mvm the timing Hfht iiad to anethi^ 
plug 

3* Retat© the iistrlbutar 

4« Tu^ the idlinf screw elQckwlgf 

7-51, imieh of the fsllowint kin4s of test 
tquipaent can be used to diattiosg i 
faulty distributor vacuisi unit? 

1, VmoUM gage 

2, tiwdinq lifht 
; 3. Dwell meter 



Learning Objective? Identify 
prineipits of lighting etiQuit 
operation and teehniquei for 
maintaining wiring oireuits* 



7-52. The purpose of the indieatinf ©t ^lition 
lights on a hea^-duty trugk Is to 
indicate 

1, whether the load within the truck is 
balanced 

2, whioh direction the driver Lm mbeut 
to turn the truck 

3, the length, heights and width ©f the 
vehicle 

4, whether all ccniponents of the lighting 
iystes are functioning properly^ 

7-S3, In m autj^ttve lighting system fitted 
with fuses instead of cureuit breskere^ 
there are as many fusts as there ate 

I . buiha 

2« switahes 

3« lights 

4. ground wires 

7-54, K^vy automotive and constructlen equipment 
lighting systems operate on lAlah of the 
following voltages? 

1. 2 or i volts 

2. € or 12 volts 

3. 12 or 24 volts 
4* 18 or 24 volts 



l^ich Of the following do you determine 
fey »#aiuring the Intensity of a vehicle 
headlamp? 

1. How far in front of the vehicle the 
heidlMip foouses on the pavenent 

2, anount of diffusion provided by 
a lens in the lamp 

3* ThB amount of light produced by the 
leap 

7^56. i^en e vehielt's headl^pi are centered 
28 inches from the ground , how high 
should the reference line on the aiming 
screen be above ground level? 

1. 24 in, 

2. 26 in* 

3, 28 in- 

4, 30 in* 

7^57, How far in front of a vehicle should you 
locate the liroing screen when alining 
headlampal 

1, 10 ft 

2, 15 ft 

3, 20 ft 
4* 25 ft 

7--Sa. ifhin heidl^ps ar# c©rr#ctly aimed, how 
fat will the high intensity light beams 
drop far every 21 feet of distance from 
the bulb? 

1* 1 in, 
2^ 2 inp 

3, 3 in^ 

4. 4 in. 

The almlrif of a truck's headlamps differs 
froiB the aiaing of an automobile's head^ 
lamps to cOBpensate for the 

1* greater height of the truck 

2* smaller width of the automobile 

3. effect of the heavier loads the 

truck oarries 
4* larger truck headless 

7^60 • Which of the following can cause a head* 
lamp to show a poor oandle^wer reading? 

I* h faulty ground 

2t %Mm§ ooiinections 

3. Undefsised wiring 

4, lach of the ^ove 
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7-61, To eitniMti the posilbility of m ehort 
when changing swltahes and othef elae'* 
mrical mynzm c^ponantSf what should 
you do? 

1 , Tag the wiras 

1< Chanfe the wires one at a time 

4. Disconnect the battiry 

7^&1* On vehiolis having a dual braking system, 
whtra is thi hrakm llfht gwitoh located? 

1. In tha hydraulic line batween the 
maitar aylinder and wheal cylinders 

2. Directly above tha master cylinder 

3. On thi brake padal iuppart bracket 

7^i3« In the maintenance and repair of aleatrical 
systamsp thi inost difficult task is 

I, deteimining system polarity 

2 tf oubl€§hooting 

3, hooking up test aquipmant 

4, tracing wiring diaframs 

7'^64* In aeoa alectrical systtmg, two^wira 

circuits a^e highly raliabla for which of 
tha following reaaons? 

1. Thay p^eVida a peiitive path to and 
from the power source 

2, l*hey provide a dual path for currant 
to flow from tha power source 

3^ They iiiminate tha need for fuses or 

eircuit breakers 
4* They allow currant to flow should 

one wiiTi break 

7^iS* Whara ihould you start tracing a circuit 
to locate a suspected wiring probl^? 

1. At thi power source 

2, At the inoperativa conponant 
3* Anyvrhiri in the circuit 

7^66* On which of the following kinds of 

equipment will you find nv^efed tags 
that tdantify the wiring circuiti? 

1 , Sedans 

2 . M^seri^i vehiclei 

3^ CrawliST'^fliounted equipment 

4^ Wheal^moUnted construction equips^nt 

7^67* Electrical lyiysols are used in wiring 
diagriuas for whioh of the following 
purposes? 

1, TO iimulata tha electrical co^onanta 

2, To idintify tha wires 

3 » TO show the routing af the wires 
4* TO pinpoint the location of tha 
o^pcnents 
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7-6S, Of thi following electrical faults * which 
san cauge an open cireuit? 

1# corroded ttrainal 

2 < Loose cionnsction 

3, Broken wiring 

4« Each of the ^30vi 

7-i9» Wlset pasiing trough holes in metal 

makers of tha body or fr^te should be 
pfotactad by 

1. plastic cla^s 

2^ flexible tubing 

3^ ri^ber groflB^ts 

4^ electrical tape 

7*^70 , In SQldaring^ which of the fol lowing 
surface conditions will keep you from 
making a good soldered connection? 

1* Dirty surface 

2* Greasy surface 

3^ 03£idi£ed purface 

4* Each of the above 

7-71. Which of the following is an advantage 
of using the induction-typa soliaring 
gun for electrical r^piir work? 

1* Its sffiall tip fits in confined spaces 

Its tip heats rapidly 
3* It focuses light on the work 
4« Each of the above 

7^71 s Assu^ that you had to solder a connec- 
tlon within an area that could not with-= 
itand very much heatp which of the fol- 
lowinf grades of solder should you use? 

1, 30-70 
a . 40-60 
3* 10-50 

4. 60-40 

7-73. mien used to ripalr alectrical wiring , a 
solder less connector makes it impossible 
to obtain a 

1, tlfht conniotion 
a« sold solder joint 
3* strong connection 

7-74 p When used to nake eleetrical repairs # 
imieh of the following types of tape 
provides the best iniulation? 

1p Ri^ber 
3 . Plastic 

3 * Friction 
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7-75. Whleh ot tht fsllotfing eleetrieal 
probl^ns will affeet the ©peratlon 
©f both the turn signals and the 
mmtgmnoY flaihing lights? 

1. Pmulty turn signal flasher 
1* InDperative iiregtional 
aontrDl switsh 

3. Burnt-^QUt turn sifnal bulb 

4. ih©rt©d tall light wlrinf 
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AssiQiinient S 



^ejEtbook. HAVTORA 106^^-Gi Pagta 217 - 256 



Lasraiag Objectives Identify oper- 
ating pried Iplai e^d malntanange 
pr&Qtiqes of yehioiU^ar cOTpontnts 
th&t transmit povert 



8-1 s What traasmlti the power developed 

engine to the wheele and/or traske and 
adeeiiozy eq^ui^ient on a vihlclef 

1 . Crankihaft 

2. Power train 

3* Intake ananifold 
U. All of the above 

8^2, Which of the follDwing powtr train grouPi 
are arranged in the ©rder through whicb 
pwtr flovs frm the engina to the vh^ela 
of a ll^t truck? 

1. Tranimisiien s aluteh, propeller shafts 

dlffertntial, and asclei 
2* Glut eh, propeller shaft, tranisiiai^ft ^ 

differential, and axlei 
3* Ciutehi transalssioa p different ialj 

proptller shafts and a^lts 
k, Glutahj transmiislonp propeller shaft ^ 

differential, and driving axles 

8-3. Which dtevige is uied to disecnntct the 
tngint from the powtr train? 

1* Universal Joint 
2m Transfer ease 

3. Clutch 

km Differential 



fi^ii* Vhl^h of the foll©wlii| gtatemtnts 

dftf CFibes Que of tha functions of the 
clutch in the power train of a motor 
vehicle^ 

1. It dampeni vibration in the trajis- 
aisslon system 

2. It allovs the brajtai to "clutch,** or 
hold vhile the 7#hicl^ is in fflotton 

3^ It tr^ijiits pover to the wheels 
thro^h th© dead aaclei 
It allocs the engine to taki up the 
vahicie-drive load graduslly 

9^5' Wha» the clutch pedal ig dtpreBiads the 
praS^ur^ plate Is retmoted by 

1, ipring presiura 
2* release lever s 

3. Qentrifugal force 
iplines on the cl-utgh shsffc 

8-6 # the clutch 41 sis is disangaied, \rhere 

doe^ it position Itieift 

1, Againat the flyvheel 
2s Agaiuet the preisure plate 
3, CentralJy hatwaan the fly^hael and 
pressure plate 

9^7* Wiieh of the following cas oausg rapid 
faille of the clutch release bearing? 

1. Driving vlth your feo-fc resting on the 
clutch pedal 

l^ropar adjustneftt of the cluteh 
3. A broken or weak eluteh pedal return 
spring 

Each of the above 
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8-8. Hm ii i hydraulic*!^ opemid elutsh 
Adjuiitdf 

1, ly timliig thf tcetntrie bolt in the 
elutdh p«dftl iuppoft 

2, By •herttning or Itngthtnlng tht 
■Imvft eyllnd«p puih rod 

3* By Itngthtniai th« •fftatlvt itroke 
of tht BAatar eylindtr*i piiton 
By bltiding off a laall imount of 
fluid H fcht ilAVe eylindar 



In itmrnm 8*9 thrQuih 8*16, leltet frc^ ooIum 
B tha clutch troubit vhleh gfnerAlly dev«lopi 
M ft rtiult of tht condition In eoluan A, 

A, Condition! B. eiutct^ Troubles 

8*9 » Loot* iprini ihioklss 1, Slipping 

2, 



8-10. lrok©n ptrtt in tht 

clutoh 

&^11« l^cttiiyt fret pod&l 
adjuatffitnt 

fl-12, fitnt crankthmft 
fltngt 

8-13* Loott trtntmiivion 
Bountlngt 

6-li«« Worn tngint mounts 

8-1^, Worn clutch ftclngi 

8-16 f Untyeo rtltttt^ltver 
sdjuttntnt 



Drtfglng when 
dittngAglng 

Chstttrini or 
grsbblng when 
engtglni 



^« Puletting ptdtl d-Sl, 



8*17. *feea «n 10 reports that tht vthiclt has 
m clutch-ptdtl pulsation, what dote thii 
Bt&Q to you aa a OK? 

1« A isritt of slight Bovtntnti can be 
felt on tht clutch pedal or operating 
lever when the clutch it being dls- 
tngagtd 

2, ISiere it slippage betvetn the clutch 
diek faciags and the fl^heel or 
preaaure platt 

3* There Bust bt <Urt or ^ease on the 
oluteb faoiiigB because there is a 
p^in^ng noise vhtn tht clutch Is 
^sengagtd 

^e etateh has a terrific Jerk vhen 
it is tngaged 



3-i8. Clutch-^ptdil puliation ttay be eauied by 
vhieh of the follovini eenditlonsf 

1, Misalineffltnt of tht tngint and truns- 

miiQion 

2, Tht flywhttl not being eeated on the 
crankshaft flange 

3, A varped prtssurt plate or varped 
clutch disk 

^. Eaeh of the abovt 

8-19. A pilot bearing that is worn or laekB 
lubrlewit will produce noise in the 
clutch when vhleh of the following eon- 
ditions exists? 

li Tht transffliition is in gear 
t. The clutch it disengaged 
3» The vehiele is standing still 
k. All of the above 

6-iOi Which of the following eondltloni causes 
rapid alutoh disk wear? 

1* Ineorreet adjustment 
ii Uiproper usi^ 
3* Weak preasuj^t springi 
Each of tht above 

Vfttn disasaeBbllng a clutch , which of 
the following actloni should you take 
before remsvlng tht pressure plate? 



1, 

2. 



8-23. 



Mark the cover and flywhtel 
Relieve tht tension on the pretsure 
springs 

3. Cheek the thickneis of the clutch 
disk 

Looien the flywheel mounting bolts 

¥hm ovtrhaullng a clutch » you should 
insptct the prtisure plate and flyvheel 
for whlah of the following defects? 

It Cracks 

2 a Score and grooves 
3 i Wi^agt 

Jai of the above 

l^lch of the folloidng Is seldoD done 
when clutchei tf*e overhauied la the 
Minttnance shop? 

1. Rtllaing olutch disks 

2. Rtplacing pilot beu*lng8 
3« Adjustl&g pressure platts 
k, Replaolag release be^lngs 
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6«ii4i What lo the m^iffliun numbtr of sdjuetiaanti 
thftt yoxi aa^ find on a pre b sure pl&te 

1. Orm 

2. Two 

3. Thrt© 
k » Four 

8*t5i What Bhould you do with a clutch releftie 
btaring that runs roughly? 

1. Clean the bearing with sol vent 
i. Clean the bearing with dfgreasing 

GOmpound 
3« Cltan the bearing with oil 
kt^ Replace thi bearing 



6^29* 



Which of the following eosponenti trauis- 
ftrs engine power from the eluteh ahaft 
to the propeller Bhafl? 

1. Cluteh 

2. ^It 

3> Trangmigsion 

U, Differential and imiveriftl Joint 

^e eonitant mesh transmlggion reduaeg 
nolle by utilizing 

1, Bpur^tooth rather thaii htlieal gears 
i. helical rather than Bpur^tooth gears 

3. main shaft lushing gtars that are able 
to moyt endwiat 

U» loundproof padding around the trans ^ 
migsion uniti 

The function of the friction cone olutch 
in a synchromeBh traniiDiggion is to 

1. engage the main drive gear with the 
transniiilon main shaft 

2. engage the fir it speed main shaft 
with the transmission main shaft 

3. equalise the speed of the driving ajid 
driven members 

U, engage the second speed oaln shaft 
with the transmission main shaft 

The purpoie of the shift for^ within the 
■ynchromesh tra&smigsion is to 

1, lock the mala t^lve gear and trani- 
mliilon main shaft 

2, syi^chronize the speed of mating pi^ts 
before they engage 

3* move the sliding gear and sliding 

sleeve as a unit 
k, slide over the b«lls within the cluteh 

and silently engage the external teeth 

on the main drive gear 



In items 8-JQ through 8-33i fleleet from dnlumn i! 
the gear poBitlon of the auxiliary tranainlfision 
that best fits the action an deHcribed in dolumn 
A. 



8^31, 



8-3S. 



8-33. 



6-35. 



8-36. 



8*37 * 



The dog olutch mttkeo 1* 
a dlroct connection 
between the input 2, 
shaft and the wain 
ohaft 3. 

Pover iB transmitted 
straight through the 
auxiliary trflJismiaiion 
to the propeller shaft 

The dog clutch la dia^ 
engaged from the main- 
drive gear 

Causes the engine to 
drive the wheele very 
fllowly 



(lour PofllUonii 
piroct fjpoed 
Luw apeed 
Noutral 



Whieh of the following oondltions may 
gause noise that Is diffiault to diagnose 
Mid ms^ Been to originate in the trans* 
miision? 

1, Worn universal Joints 

2, Loose drive ehaft center bearings 

3, Worn ring and pinion gear 
Each of the above 

If f lushing is requlradt the interior of 
the transmission sasa should be flushed 
with 

1, a speGlai oil 
2* trwiaBliiion lubrlQant 
3* solvent 
detergent 

When determining whether or not to use an 
old trffliemtssion p^t, whleh of the 
following fadtors should you conBider? 

1, ServiGeability of the old part 

2, Cost of replacing the part 

3, Availability of a new part 
All ©f the above 

Hov should you prepare leather oil ieali 
before you install them in a transmission? 

1* Give them a light eoat of light oil 
2, Give them a light coat of medluin 

grade preservative lubricating oil 
3* So^ them in lliht oil 
U* Soak them in medium grade preiervative 

lubricating oil 
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8-38. Transfflliilon pirti that are riady for 
ra«ifl«mbly ihould ba eoated with 

1» liiht lubrlefttlng oil 

medium irade preHervatlve lubricating 
oil 

3. ruit^preventive eompoimd 
fiber grtaie 

What devlee providei the att^B for auto- 
matleally implefflentlng a front wheel 
drive on an automotive vehicle? 

1, Sprag imlt 
2* Power t^eoff 
3. Auxiliai^ tranimliiion 
Two-way ciutgh 

In the traniftr oase, worn or broken 
geari, worn bearlnfs, and exGtisive end 
play In the propeller ihaft will eauie 

1* Dlashlng gesre 

hard ihlfting 
3, an Unbaianeed propeller shaft 

noisy operation 

8-l#l. In an auteaotlve vehicle ^ the power 
takeoff that iupplles power to the 
aiyclliary aeGesaoriei ean be attaehed to 
which of the following units of the power 
train? 

1. Tranamlsaion 

2* Aujclllaiy transmission 

3^ Transfer case 

^. laqh of the aboye 

8-1*2* Within the power takeoff attaehsent, the 
shifttr shaft la held in position by a 

1. shift loek 

2. fork 

3. spring-loaded ball 
all ding spur gear 

M3. 



8*1*5. Whleh of the following drive line aompo- 
nents iB u^ad only on long whe©lbftse 
vehlelea? 

1* UiiLversai Joint 
S. Cillp Joint 
3. Oupport biarlnp; 
^4. Propeller shaft 

8-^46. vmen torque rodB are used with the Hotch= 
kiss drive, their function is to 

1. prevent spiiinlng of the wheels on 
slippery surfaces 

2. asiist the eprlnga in supporting the 
vehiele weight 

3* maintain proper alinement of the axle 
and fraae 

k, eliminate the need for wheel balancing 

8-1*7, Wilch component of a drive train is used 
to allow ahanges in the angle of the 
propellir shaft? 

1. Support bearing 
2i Companion flange 
3* Slip Joint 
ki Universal Joint 

\^igh of the following propeller shafts 
is deiigned to prevent shaft speed fluc- 
tuations? 

1, A shaft eontainlng two universal 
Joints agsembltd 90® apart 

2, A shaft containing one universal 
Joint and a slip Joint on the iame 
end of the shaft 

3, A shaft containing one universal 
Joint at the transaiislon end and a 
slip joint at the differential end 

H, A shaft containing one universal 
Joint at the differential end and a 
slip Joint at the transmission end 



Scfflie vehicla power takeoff \ailts have two 
speeds forward and one in reverse p whereas 
some have several forward speeds and a 
reverse gear* The power t^eoff ^Its 
with the several forward speeds are used 
to optrste 

1. power trains 

2* wlnchei 

3» traeklsyers 

k. frost wheel drives 

Failure of a power takeoff to operate is 
usually the rtault of 

1. beat or broken linage 

2« faulty bei^ingi 

3» broken gear teeth 

k, l€iJiing abaft s#ila 



When reassembling a universal Joint, 
which of the following ihould you use to 
prevent the needles from falling out of 
the beorlng? 

1 , Vaseline 

2. Chassli grease 

3* Water pump lubrleant 
^, Wheel bearing grease 

8-50, Lubrleatlng imlversal Joints with a low 
pressitfe grease gun will prevent 

1. bearing dwage 

2m seal dafflage 

3* beitfing Seizure 

k , overlubricatlon 
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8»51» Which of the followlni eonditioni 

Indie&tea that a denter iupport bearing 
It faulty? 

1. A aquettling noiee In the drive train 
2* Failure of the vehicle to start 

Boving amQothly 
.1. Frequent Dtalling when the clutch la 
engaged 

k. Vibration from the chaBaie at low 
Bpaed 

8-52. When replacing a center eupport baaring 
asaeffiblyi you ihould inaura that 

1* the btaring ahield contalni water- 
proof grease 

2. a grtftie fitting is present 

3s drive shaft allnement la Mintainecl 

8-53, The purpose of pillow block be^lnis in 

an auxiiiary power train is to acoompllsh 
which of the following? 

1# Support the drive shaft 

2, Maintain shaft allnement 

3* Prevent whipping at high spied 

k. All of the above 

8*5U, Why are automotive driving axle assem= 
biles vented? 

1, To cool the lubricant 

2, To eliminate Internal pressure 
3* To prevent □verfllling 

8-55* The function of the final drive in an 
autofflotlve vehlale is to 

1» change the direction of drive while 
providing a fixed reduction 

2. allow the axles to turn at different 
speeds when cornering 

3, prevent the driving wheels from 
ioslng traction 

hi transsilt power directly to the 
driving axles 

8-56* Which of the following is indicated by 
the first n\flaber of a final drive ratio? 

1* Thm number of times the ring gew* 

turns in relation to the s^le shafts 
i« The nymber of times the ^cle shafts 

turn in relation to the drive shaft 
3, The number of times the pinion shaft 

turns in relation to the drive shaft 
km The number of times the drive shaft 

turns in relation to the i^e shafts 



8-57* Which of the following units can be eon- 
aldered aa a part of the final drive? 

1, Slip Joint 

2, Shaft yoke 

3, Flange yoke 
Hypoid gear 

8-58p Which type or final drive to uaed In 
5-ton military designed vshicleB? 

1, Slniie-reduetlon 

a, Double-reduction 

3i Two-speed 

kt A combination of 2 and 3 above 

8-59* A two-ipeed final drive is limited to 
use in those vehlcleB whloh contain 

1, one driving ajcle 

2* two rear driving axles 

3, both front and riar driving axleB 

8-60. The purpose of the diffarentlal in the 
riar axle assembly Ib to 

1, connect the rear axle shafts 
a. pemlt the axles to turn at different 
speeds 

3. boost engine power tranitaltted to the 
wheels 

k, permit both drive axles to be driven 
as a single unit 

6-61 i Which parts of the differential transmit 
power directly to the axle ehafti? 

1, Dlfferintlal case and side gears 

2, Bevel drive plnloni and side gears 

3, Differential pinions and side gears 
Differential case and bevel drive 
plnioni 

8-62. Vftich of the following components sup- 
ports part of the weight of a vehicle 
Md also drives the wheels connected to 
it? 

1, Axle trunnion 
Si Live axle 
3a Dead axle 
Bogle drive 

8-63* ^ich of the following components carries 
part of the weight of a vehicle, hut dots 
not drive the wheels? 

1« Chassii 

2i Axle tnuinion 

3 4 Live fycle 

U, Dead e^Xm 
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8-61i* Whore are the vthlcle weight-iupportinf 
bearings in a full flofttlng axle looated? 

1» At the inner end of the axle hnunlng 

2, On the outer end of the axle Hhaft 

3i On the outer end of the axle houolng 

kt At the inner end of the axle flhaft 

0^65 i Which of the following would cause noise 
in the rear axle aaaembly only when 
turning? 

1, Faulty differential geara 

2* Worn ajcle support bearingo 

3f ExQeBsive haeklash between the ring 

and pinion geare 
ki Looae carrier bearings 

8-66* V^ich of the following Qomponentfl must be 
removed from the axle assembly before the 
differential carrier can be withdrawn? 

1, Wheela 

S. Axles 

3i Differintial gears 

U. Pinion shaft 

8-67. vmich of the following methods is used to 
determine if the thrust washers of a dif- 
ferential assembly are reusable? 

1, Mat oh the old thrust washers with new 

ones and see if they appear to be the 

same thickness 
S» Measure the old thrust washers with a 

machinist*© ruler 
3s Check the old thrust washers with a 

micrometer 

3^68. When either the pinion or bevel gear is 
damaged or shows signs of excessive wear, 
which of the following should you replace? 

1* The worn or dafflaged pifft only 
2» Both gears 

3» The entire differential assembly 

8^69* During reassembly of a differential 
assembly, why are the bearings *-pre- 
loaded"? 

1. To position the bearings in their 

races exaotly as they will be when 

the vehicle Is operating 
2* To detemine If the bearinfa' strength 

is sufficient to wlthitand he&vy loads 

during operation 
3* To prevent early bearing failure when 

the vehicle Is returned to service 
k» To keep from upsetting the wear 

pattern already established within 

the bearings- rages 



8-7C, When reasaerabling any differential asaem^ 
blyi which of the following procodurea 
Bhould you use to Influre that the pinion 
and bevel gears are adjusted properly? 

1. Adjust baeklaah prior to preloading 
the pinion bearings 

2. Adjust to allow only a slight free 
movement between the gears 

3* Adjust so that no bindini is present 
between the lears , then preload 
bearings 

Adjust in accordance with the manu- 
facturer 'a proGedures 

8-Tl. After setting the pinion depth in a 
differential assenblyi which of the 
followini must you determine prior to 
adjusting the backlash? 

li Amount of torque required to turn the 

pinion shaft 
2i Moimt of wear left in the pinion 

gear teeth 
3* Whethei' or not the tooth contact 

pattern aorresponds with the manu^ 

facturer*s reconiniendatlons 
k* Amount of warpaga present In the 

bevel gear 

8^72^ are the ajcle shafts contained In 

steering axl^ assemblies replaced when 
they contain worn □onstant velocity 
ainivirsal Joints? 

1. Parts procurement time and cost are 
excessive 

2* Individual parts are not available 
3i The axle must be returned to the 

manufacturer for repair 

Special tools required for repairing 

these ^les are not available in the 

malntenince shop 

8-73- VMch of the following devices Is used 
to adjust the steering knuckles on all 
wheel-drive vehicles? 

1* Eccentric bolts 

2* Adjusting nuts 

3c Shims or spacers 

U« Oversiii bearings 

8^7^* When the steering knuckles are too tight, 
which of the following will result? 

1* BhiiB^ and poor steerlni control 

2. Hard steering at all tines 

3» Rapid failure of the Mcle universal 
Joints 

U. Abnomal ftont tire wear 
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8-75. Failure of a winch to operatt la uaually 
the result of a broken or damaged 

1, shear pin 

2. drive ahaft 

3* unlvereal J^lnt 
pro gear 
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Assignment 9 



Autginotive Chajsi* and gpdlea 

Temhook, m'^mM lQ^A^^Gt Pa^gg 257 ^ 299 



9-4. 



9-5. 



Learning Objectivt i Identify auto- 
motive ehassii and iuspensien cQmponenta 
and their funstions and maintenance 
raqiiirements . 



9-1, 



v^lch of the following requireiMnts must 
ba aatipfied by the eomponenti of a 
vehicle's chaisis? 

1. Support th© vehioli and its payload 

2. Provide for directional control 

3. Allow smooth operation over rough 
roads 

4. All of the above 

In vehicuiar frame eonitruotion , which 
©f th© following factor i is the mout 
important? 

1* Spaed and operating conditions 

2. iteering and auspaniion requirementi 

3. Vehlcla si^e and payload 

Frames are NEVER uied on vehiclei which 
hava a wheel base of less than 110 inches. 

rniy are gussat plates usad in vahicle 
frane construction? 

1. To raduce vibration 

2. To add extra strength at joints 
3* To support the radiator 

4. To support power train units 

*ftiich of the following parts of a pasieng^r 
car frame support most of the weight of 
the oar body? 

1* X^members and engine supports 
2« Fr^t and raar cross m^ibers 
3* Right and left side mai^rs 
4« Horizontal and T-mambarg 



9-6. The side wambera of many pagsenger vehicle 
frames are closer together in the front 
than in the rear in order to 

1. allow the vehicle to make iharper 
turns 

2. supply a more rigid eupport for the 
engine 

3* Bupply a more rigid support far the 

front wheels 
4. cut down vibration from the engine 

9»7. All retractable bumpers return to their 
original position after an impact. 

9-8. A vehicle's euspansion system io designed 
to do which of the follcpwing? 



9-9, 



9-10. 



1. 

2. 



TO support the weight of tha vehicle 
To allow the vehlcla to be driven 
w i th varying loads 
To allow the vehicle to travel over 
various types of terrains without: 
lavere risk of damage to the vahiele 
All of the above 



Which of the following eomponents ada to 
the unsprung weight of a vehicle? 

1. wheels 

2 . Axles 

3 . Rims 

4. All of the above 

As a vehicle goes over a bump, its 
multiple leaf springs are held together 
by the 

1. spring ehacklas 
2« rebound clips 

3. bumper blocks 

4. clip plates 
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9-li« Why afa thi fdar ipriiifa of Boaa vshiolta 
€lainp«d undwf thm mmlmf 

It To g«t b«tt9r traction 
2, prevent linglii whtal tfaation 

3* To lowtr thi e«nfe«r of grivlty 

4* All of thi abgva 

9-12, th« forward and ef a leaf apring la 
attaehsd to th# framg by meani Qf a 

1« aprlng ihaekla 

2. pin and ^bushing 
3* 0-b©lt 

9^13. What is the purpaae of an auxiliary 
spring? 

1. To offset the aff#ct of a wmak nain 
spring 

2* To prevent braking of the wain spring 

3. To eliminatt the danger of overloading 

4. To provide additional support for 
heavy loads 

9^X4^ Which ccroponent in a bogie suspension 

aystesi distributes the rear load evenly 
to the axles? 

1 « Spring 

2^ Cross shaft 

3« Torque rod 

4, Ouide bracket 

9^1§, tlhich of the following suspensian eoin- 
ponents prevents exoessive flexing of 
ooil springs on curve s? 

1. itabiiizer bar 
2 Hybber biosper 
3« Torsion bar 

9-l€* The pu^se of a sho^k absorber is to do 
which of the following? 

1^ Regulate ^e spring rebounds 
2^ Prevent the spring from retuniing 
with a sudden jolt 

3. 'Prevent the spring bounces froo being 

transiiitted to the vehicle's body 

4, All of the above 

9-17, You are trying to lubricate the spring 

shaokles of a vehicle, but oannot get Uie 
grease to penetrate* Which of the follow- 
ing actions should you take to oorrect 
the condition? 

1« Jaek up the bo^ to loosen the 
bearing surfa^ 

2, Heat the ffeas« fitting 

3, Use a wire to olean the grease fitting 

4, lach of the ^oye 



9-^11, What should you do when you find one 
damaged shock absorber on the rear of 
the vehicle? 

1. Replace the damaged shock abeorber 
2« Replace both rear shock abiorbers 
3* Replaoe all shogk absorbtri on the 
vehicle 

4. Inetall a coiled helper spring to 
aid the damaged ghock absorber 

9-19, Ten^rary repairs on a cracked frame are 
best aGOomplished by which of the 
following methods? 

1. Gas welding 

2. Arc welding 

3. Fishplating 

4« Heli-arc welding 



Learning objective t Indicate char- 
acteristics of tires and wheeli and 
point out procedures for maintaining 
and repairing tireg and wheels. 



i-2Q, mm strength of a tire is determined by 
which of the following factors? 

1, Bizm of the tire's bead 

2i Anowt of ruU^er contained in the 

tire tread 
3, NUB^rf type# and arrangement of 

tire plies 
4^ Thickness of the tlre^s sidewalls 

9-21, Which of the followinf types of belt 

material provides tha best mileage and 
strength in belted tires? 

1, Hylon 
2« Rayon 

3, Fiberglass 

4. iteel 

Before raising a light vehicle to remove 
a wheel, tirtiidh of the followir^ steps 
should you take? 

1. Block Uie wheels on the other axle 

2. Place the trans^sslon lever in the 
pr^er position 

1* ilightly loosen the lug nuts 
4. &11 of the above 

§•^23* A safety stand or suiti^le blooks should 
be plaoed imder ^e axle of a raised 
vehicle if work is to be perfor^d while 
a wheel is removed. 
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9-24* On a vehieU with disk wheelii which 

of the followlnf thresd arrangemfintH will 
hold dual wheels to the hub an the left 
side of the vehicle? 

Ip Loft-hand threadi on the outor nut 
only 

1, Left-^hand threada on both nuti 

3. Right-hand threads on the outer nut 
©nly 

4. Right-hand thready on both nuts 

9-25, In a dual whflol system, where should 

the inner tire \^alve stem be loeated in 
relation to thm outer tire valve ateni? 

1* 90^ 

2, 180* 

3, 270** 

9-^26, For which of the following purpoSRS 
should you use a tire ipfeader^ 

1* To ifeplage the tire on the rim 
2* To remove the tire from the rim 
3* To allevif eaiy inspection and mainte- 
nanee of the ingide of the tire 

4, To prevent injury wh^n inflating the 
tire 

9-27* When removing a tire froin the rim* the 
first thinf you should d© is to 

1* break the tire bead loose from the 
rim 

i. deflate thm tire by removing the 
valve core 

3i remove the valve stem on all tubeless 
tirei 

4* remove the side ring from the rim 

9-28. If a tire bead fallg to siat properly on 
the rim when Inflated to the correct 
pressure, what should you do? 

1. Tap the tire lightly with a hamner 

2. Remove the tlr'e and inspect the rim 

3. Overinflate the tire until the bead 
seats 

4. Diseard the tire and wheel 

9-29. When you use a hydraulio cylinder and 

shoe to break the bead of an earttoover's 
tire away from the rim* the ehoe applie§ 
preagurt directly to the 

1 ^ sidewall 

2. rim 

3 . bead 



9-30, The appropriate mime of cold patching 
mrtterial needed to patch a 1/4-inch 
hole in a tiro tube is 

1. 1 inch 

2. 1 1/2 inches 

3. 13/4 inches 
4* 2 inches 

9-31. Which of the following actions ihould 
you take when applying a ready-built 
patch to the inside of a tire? 

1* Place the patch so that the first ply 
of corda in the patch is running in 
the flame direction as the cords in 
the tire 

2, Press the patch in the middle before 

pressing the edges 
3i Bend the pateh before applying 
4p Each of the above 

9-32. Which of the following tire repair 

methods does NOT require you to remove 
the tire from the wheel? 

1. Ready-built patch repairing 
a. Built-up patch repairing 

3* Plug repairing 
4, Gun repairing 

9-33. How often should the tires on a Navy 
vehicle be rotated? 

1 # Once a month 

2. Twice a year 

3, Every 3000 miles 

4, Ivery SOOO miles 

9-34* When rotating the tires on a vehicle 

equipped with a spare tire* you should 
place the left front tire 

1, on the right rear 

2, on the right front 
3i on the left rear 

4. in the spare tire position 

9-35, When traction is HOT a factor* where 

should you install a new tire on a dual 
wheel vehicle? 

1* On the front of the vehicle 
2* &i the outside rear dual 

3 , On the inside rear dual 

9-36i Maximum tire life depends mainly on the 
following factors? 

1. Regular rotation 

2. Proper inflation 

3« derating conditions 
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-37. What la th« probable eauie of an J(-type 
break In the surface of a tire? 

ip Under inflated whan damaged 

2t Overinflated whsn damagsd 

3« Dut^of^alinimfint when damaged 

4, Wrong iize 

^38. Radial cracks on the outsiUe of a tire 

Indicate that the tire has been operated 

1« with low air preisure 

2* over rough terrain 

3. while overinflated 

4. at high speeds 

-39. If you were to mtimatch dual tires ^ the 
larfer tire would wear faster than the 
smaller tirs. 

^40* If you have to replace a ?*7i tire^ you 
could allow a diaineter difference of 

1. 1/8 inch 

2. 1/4 inch 
3* 3/8 inch 
4, 1/2 inch 

■^41. A tire which exceeds the deeignated size 
for a given dual wheel should always be 
mQunted an the 



9-44. Which of the* following is an advantage 
of power steering? 

1, The HttMirinq iinkagf> in lesa eompleK 
2i Power steering requires leas 
maintenance 

3. Less offort is required for turning 

4. Power steering allows sharper turns 

0-45. Which feature of the worm and roller 
steerinq gear provides a variable 
steering ratio when turning? 

1 ^ Shape of the wonn gear 

2* Angle between the worm and sector 

3. Relative position of the worm and 
cross shaft 

9-46. The oil flow within the hydraulic power 
assist Bteering system is directed by 
the 

1* hydraulic pump 
2* control valve 
3* power cylinder 

4. drag link 

9"47, Whan no effort is applied to th© steering 
wheel of a hydraulioally assisted steer^ 
ing syitem, the spool valve is held in 
the center position by 



1* inside of thm dual wheels 

2. outside of the dual wheels 

3, operator side of the vehicle 

4* front, with the original front tira 
moved to the rear dual wheel 

■^42* The valves on the front wheels and on the 
InBide dual wheels point away from the 
vehicle^ whereas the valves of the outside 
dual wheels point toward the vehicle , 



1# springs 

2 * hydraulic pressure 
3« internal friction 
4. shims 

9-48. Which of the following parts initiates 
reaction within a hydraulic iteering 
syitem^ resulting in no kickback at the 
steering wheel when the wheels are sub- 
jected to a shock load? 



-43 « If a vehicle is to be operated at highway 
speeds, the wheels should be balanced 
in order to reduce which of the following 
conditions? 

1. Tire wear 

2« Vibration and shimmy 

3 * ^pid steering wear 

4. All of the above 



Learning Objective i Describe the 
various typts of steering syst^s, 
indicate fwictions of their com» 
penents; and point out procedures 
for aaintainihf stiering systems. 



1 ^ Pitman arm 

2, Cam 

3, CQntrol valve 

4, Valve spool 

9-49, The control valve of the hydraulic steer- 
ing system must be in v^at position to 
get the feeling of road Sense? 

1, In the left turn position 
2* In the right turn position 
3, In the center position 
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9-50* Whidh ©f th« followlnf taehniquei im ustd Whieh of the follQwinf adjustaianti is 

to •liwinata fr«e pliy fr«B a drag link? used to balAnee tht if feet of cwnber? 



It Tightening the adjusting plugCs) 

2. Adding shims to tht pitinan arm sogket 

3« Initalling a stronger ■pring in the 

drag link 
4t Sapiaeing the drag link 

9<^51. A tie rod end is eonsidered to be in good 
shape if an inspection indieates which of 
the following oanditions? 

1* It Is difficult to mov© the hall in 
its socket 

2. A slight mQ\mt of drag is present in 
th« ball sogkat 

3, The ball is free to turn in the 
socket 

4* The ball is tight in the socket 

9-52. When Barvlcing a vehieie equippad with 
power stearing, which Qf the following 
itsms should you check to in sura proper 
operation? 

1. Priva bait 

i. Hosas and fittings 

3« Fluid lavel 

4p laoh of the aboi^a 

f-§3. Pivot inclination » sagter^ camber, toa-in 
and toa-out are terms referred to 
eollaetivaly as 

1. steering geometry 

2* whaal alinemant 

3^ ataering angle 

4, turning radius 

i-i4* Mow are the knu^la pivots tilted in 

order to obtain positive caster on the 
front wheals of an automobile? 

1. To tha right 

2, To tha left 
3 « Forward 

4 p Baokward 

i-S5, TO obtain positive caabar^ you must have 
the wheals oloser together at the 

!• top ^an at the bott^ 

2. front than at tha rear 

3. bottcei than at the top 

4. rear than at tha front 



1 . Toe-out 

3i Caster 

3. Kingpin angle 

4 s Toe-^ln 

9-57. Which of the following defects in the 
steering gystem of a vehiole can cause 
the steering wheel to have too much play? 

1 p Loosa wheel bearings 

2i A worn steering gear 

3. Worn steering knuckle plates 

4. Each of the above 

9^58« If tha steering wheel of a vehicle must 
be turned a full turn before the pi man 
arm moves, what part of the steering sys- 
tem probably needs adjustment or 
replaoement? 

1^ A wheel bearing 

2, The steering gear 

3p ^e steering liiycage 

4, A knuokli plate 

i-59, When the 10 cosyplains ttat his vehicle 
wanders / what should you check for? 

1, Low tire pressure 

2, Impr^er front wheel alinement 

3, Tight or loose wheal and brake adjust- 
ments 

4* All of tha above 

9^60, Trollies in the statrlng syst^ and tht 

alinamant of the front wheels are HC3T ^e 
only sources of impr^er ataering. I^ich 
of the following dafects can also cause 
a vehiolt to stear Is^roparly? 

1. Defective sho^k absorbers 

2. Sagging springs 

3. TOO littla air in one or more tires 

4. laoh of ^e above 

9^S1. 1<mat should ba the diffaranca in degrees 
betwaen the front vrtieels of a vehicle 
if^en tested on a floating tumt^le? 

1. 1 

2. 2 

3. 3 

4. 4 



9-62. 



To adjust tile toe-in of a vehicle , you 
mst adjust the 



§9 



517 



drag lityc 

steering knuckle mtm 
pitman arm 
tie rod 
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9-63, How many ti« rods art Gdntalntd in the 
■tatrlfif linkag* of a vehiclv •qulppad 
with indapindant ffont •uapanfion? 

1. Ona 

3i Three 
4 . FoUf 



Learning (^jestivei Xndieate 
proatdures for rapairinf and 
refinishing autoffotive bedits. 



9-64, What ahQuld ba done when ruet or 

eorroflion itarte to appear en the body 
of a vehicle? 

1. Mint the entire vehiele 

2. Cover Iha ruet and corrosion with 
primar 

3. Clean and paint only the affeeted 
areas 

4 . ^piaea the ryaty or sorroded panels 

9^65. Hieki and soratehea on ^e eurfaee of 
body tools ihould be raMvad with 

it a flla and sandpaper 
2t a ben^h grinder 
3^ emery paper 

9-i§. Before trying to straighten a danted 
panal, whieh of the following steps 
should you t^e? 

1. iand any paint from the d^iafed 
seetion 

2, ReiBova the damaged panel from the 
vehicle 

1, Remove any dirt or underooating 

9*67. Whan performing body work, yoy should 
use the dolly block as a hanmr. 

9^68 1 When removing dents with the hanaer and 
dolly ^ whioh of the following prooedures 
should yoti follow? 

1. start your ifork at the point of i^aot 

2, Try to ramove aa muoh of ths dents as 
you can with a i^nisw of blows 

3* Use a oromm faced hMBsr for panels 
that are flat or slightly curved 

4. itrike the metal lightly ^and rapidly, 
using a pulling aotion 
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i-Si, If major body work ie being perforsied, 

when should the decieiQn be made oongern- 
ing the replaeeiTMint of a dainaged panel? 

1. Before any attimpt is made to return 
the panel to its original poaition 

2, After jacking the panel aln^Bt back 
to its original position 

3i Only after the panel and its braces 
are removed from the vehiele 

9^70. Spot Wilds used to hold new sheet metal 
in position are placed at intervale of 
approximately how many inches? 

1. 1 

2, 2 

3. 1 1/2 
4* 1/2 

9-71 i When using the disk eanderf you should 
exeroiae care to prevent 

li burning the metal 

2i removing excessive paint 

3< stretching the metal 

4, outting through th# sheetmetal 

9-7 2 i When preparing a vehicle for painting, 

v^ich of the following grades of sandpaper 
should you use last? 

1 . Coarse 

2 . Medi^ 

3 . Fine 

9-73, Before applying paint to a vehlelt, you 
should wipe down the body with a lint 
free cloth soaked in 

1 1 turpentine 

2 « solvent 

3^ paint thinner 

4. gaiOline 

9-74, Applications of epoxy fillers in auto- 
motive body work should be limited to a 
thiolcness of 

1* 1/i inoh 

2. 1/4 inch 

3. 3/S inch 

4. 1/2 inch 
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Assignment 10 



Ttxtbeok, NA^DTl^ 1Q&44^G; Pagei 300 = 330 



Learning Objective i Identify 
ponents and functions of drusn ^d 
disk brakt systems and point out 
techniquts of maintaininf and 
ftpiifinf these systens. 



10^1. When brake pedal presiUfe is feleased, 
which of the following hydraulia brake 
system eoraponents cauiss brake fluid to 
return to the master oyiinder? 

i. Hasten oylinder piston spring 
2^ Brake shoe return spring 

3, Brake pedal return ipring 

10^2. Whioh of the following Is an advantage 
of having a dual maiter cylinder in a 
hydraulic brake system? 

1. It enables the brakes to be applied 
with less effort 

2t There is less chance of the brake i 

malfunctioning 
3^ It causes the brake shoes to wear 

longer 

4. It makes for a safer brake system 

10^3. I^en reconditioning a master oylinderf 
what should you do if the bore is badly 
pitted or corroded? 

1* Hone thm cylinder 

2. Install a sleeve in the bore 
3* Machine the bore oversiie 

4« Discard tiie cylinder 

10-'4, Vfhich of the following tools should you 

use to determine if a master cylinder 
* bore is worn excessively? 

!• lUcroeeter 

i. Caliper 

3. Poelir gafe 
4t Hole gage 



lO^ip Why should a maiter cylinder be bled on 
the workbenoh before it is installed on 
a vehicli? 

1. TO prevent getting dirt in the cylinder 

2, To save time in bleeding the entire 
briUci system 

3. TO conserve brake fluid 

iD^fi^ In a vehiole with a dual brake system # 
which of the following conditioni would 
indioate ^hat the rear brakes are 
inoperative? 

1. The rear wheels slide when the brakes 

are applied 
3* Exoeseive pedal pressure is required 

to operate the brakes 
3* The warning light operates with each 

brake application 

4, Vehidle stoppinf distanoe has 
increased greatly 

10«?« Khan tile brakes are applied on a vehicle 
equipped with full-floating brakes « the 
self-energizing action will affect both 
brake ih@ei» 

10^8 i l^ich of ^he following actions must ocour 
before the self-adjusting brake i^chanism 
will fuzi€tion? 

1. Th% primry shoe must move away from 

the anohor pin 
2» Th% idjuiting meohaniim must pivot on 

the §egondary shoe 

3, The seoondary shoe must be forced 
against the anohor pin by the primary 

sh^ 

4, The adjusting mechaniim must pivot on 
the primary shoe 
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iO-9. fhm itlf-adjuBting birakt MshanikD will 
HOT fwetloB ifhili traveling forward. 

my? 

1. Th* ©varfldt ipring prtvtnti movowont 
of thm Adjyitlnf liVir 

2. Th« l9v«r rttufn ipring foroeg the 
•djuitinf Itvtr away frow the star- 
whatl 

3. Th« actuating link dlsangagea the 
pivot during forward motion 

4. Thm i#eondary ahoe will not move 
away fron thm anohor pin 

10-10. Pull floating brakea can bm manually 
adjusted by turning the 

1. asoentrio anehor pirta 
2p earn bolts 
3. starwhedl 

10-11, Why Bhould you Inatall a wheel eylinder 
olamp feafore removing the brake ahoes? 

1. Tq faellitata ramoval ©f the shoe 

retraoting springa 
3. To hold the plitona In the wheel 

oylinder 

3, To prevent losa of brake fluid should 
someone acaidentally depress tiie 
brake pedal 

4* To keep dirt out of the eylindtr whin 
cleaning the baoking plate 

10-12, Why are brake shoe retainers uged with 
full floating brakes? 

1, To insure oorreot shoe contact with 
the drum 

2, To hold the shoes against the baoking 
plate 

3« To faoilitatt reassimbly of the brakes 

on the baoking plate 
4* TO prevent overadjustment by the 

self-adjusting meohanisn 

L0^13, Should the rivet holes be enlarged in a 
brake shoe; what aetion should you take? 

I* Install oversize rivets 

2* Weld the holes closed and re^drill 

3* Oiaoard the brake ahoe 

.0-^14. When riveting the lining to a brake shoe, 
whloh of the following procedures should 
you use? 

I* Btm£t at ^e end of the lining and 

work toward the other 
2, mi vet both ends, then work alternately 

toward the oenter of the lining 
3« Start in ^a oenter and work 

altenatsly toward eaoh end of tiie 

liaiAg 
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10-15, irake linings worn thin on one side of 
a brake shoe indicate that the dru» is 

1^ scored 

2, bell-ihaped 

3. out of round 

10-16, Why should the brake shoes be arched 
when a brake drum has been maehined? 

1* TO allow full shoe Qontaet with 

the drum 
a* TO insure effective braking 
3. TO eliminate the need for frequent 

adjustment 
4« All of the above 

10-17, Telltale tabw are built into gome dlgk 
brake shoei for the pu^ose of 

1, notifying the vshiole operator that 
the lining is worn and needs 
replaoenent 

2i allowing easy installation and 
removal from the caliper 

3, preventing thm shoes from ooming 
out of the oallper during operation 

4. identlfylnf the ty^ of lining 
material used on the ahoeg 

10-lS. Wiioh of the following is an advantage 
of disk brakes over drum brakes? 

1* Provide instant braking aotlon 

2, Do not fade when hot 

3, derate well with wet linings 
4t Eaoh of the above 

10=li, The disk from a disk brake assembly 

will require maohining when scored t© 
a depth of 

1. 0,005 in. 

2. 0,010 in, 

3. 0,015 in, 

10-ao* Why should the rust buildup at the 
outer edge of the disk be removed 
before new brake shoes are installed? 

1, To insure full eontact of the lining 

witii the disk 
2* To prevent overheating and warpage 

of the disk 
3. To insure proper operation of the 

caliper assembly 
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Ifhieh of ^# f^liminf tools should you 
umm to Qhmok a disk for runout? 

2. Outside ealip#r 

3. niioHness gage 
4i Dial indicator 

10-22. When rtplaolnf disk brake shoes # why 
should yQU foree the caliper pistons 
into the hotmm of the oaliper? 

1« To determine if the pistons ar@ free 

to WQvm in the caliper 
2. To allow easy renoval of the ihoes 
3# To insptet far hydraulic leaki 

abound the piston seal 

4. tq allots rtnoval of the rust ridge 
on the disk 

10^23. which of the follpwinf procedures should 
you use to seat a set of new shoes in a 
disk brake assembly? 

1, Apply the brakes lightly several 
times at speeds of 3i to 40 miles 
per hour 

2t Use several heavy brake applications 
at speeds of 15 to 20 miles per hour 

3« Apply the brakes heavily 3 or 4 times 
at speeds of 35 to 40 miles per hour 

4» Use several light br^e applications 
at speeds of 15 to 20 miles per hour 

10-24. flhioh of the follovinf defeets is the 

most likely cause of ioftf spangy action 
of the brake pedal in a hydraulic brake 
system? 

1. Faulty pedal return springs 

2. itickinf wheel cylinder pistons 

3. Air trapped in the brake lines 

4« A clogged master cylinder breather 

10*25, When removing air from the hydraulic 

brake system, you should bleed one wheel 
cylinder at a time starting with the 
vfheel cylinder located 

Ip nearest to fche maiter cylinder 

2, farthest from the sister cylinder 

3« on the left front 

4* on the right front 



10*26, After bleeding the brakes of a v^ielep 

the aaster cylinder fluid level should be 

It level with the top of the reservoir 
2. within 1/4 inch of the top of the 
reservoir 

3« within 1/2 inch of the top of tiie 
reservoir 

4* within 3/4 Inch of the top of the 
reservoir 

10-27, f^en starting the engine^ idiich of tiie 
following reactions , if anyf will you 
notice at the brake pedal if the vacuus 
booster Is funotloning properly? 

Ip Thm pedal will tend to raise afainst 

foot presiure 
2, The i^dal will tend to fall away 

from foot pressure 
3^ ^e pedal will become fijnn 
4. Hone of the above 

10=2B* *rhe air^hydra^lic power cylinder is made 
up of v^ich of the following asse^lies? 

Ip Master cylinder , ooa^iessed air 

cylinder, and slave cylinder 
2p ilave cylii^erf control valve « and 

master cylinder 
3p Control valve, co^reised air 

cylinder, and slave cylinder 
4. Control valve J master cylinder, and 

co^ressed air cylinder 

lO-li^ Forward movemint of the piston In the 
compressed air cylinder li dependent 
upon 

1, brake pedil pressure 

2. hydraulic presiure 
3^ air preisure 

4^ spring pressure 

10^30, l^en the brakes are partially applied, 
what pgsitioni will the poppets in the 
control valve of the air-hydraullo power 
cylinder assiyne? 

1^ Atmospheric poppet open, air pressure 

poppet closed 
2p Atmospheric poppet closed # air 

pressure poppet cloied 
3* Atmospheric poppet open^ air pressure 

poppet open 
4p Atmospheric poppet oloied# air 

pressure poppet open 
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10-31, lfc«ll tht b^^s m fully applltd, iLftat 10-36. At %4iat priasurt rang©, within the type 

p@sitiOTS will tile popgets in tiie c ritrol o tovernor, will the air presgurt allow 

nl'vm of thm air^hydriulle p^#er the esihaust stes to close the exhaust 

blinder asawe? valve and to ^gn the inlet valve? 



1, Air praaaura p^^t eloaed, 

mtmmstm^lG ps^at open 
2« Air praaatfa psppmt elosed, 

atMa^iaria p^^at closed 
3« Air praaaura p^^t opmn, 

a^o^hario poppat ^an 
4« Air praasura p^pat ^en, 

a^oapharie poppat closed 

1Q«32« Ifhat ia thm fynction of the fovimor In 
an air-brake ays tea? 

I. To control the prassura in the 
reaarvoir 

i« TO control the operating speed of 

tha cov^raisor 
3. to control the slack adjuitnent of 

tha brake chai^ri 
4^ to oontrol the spesd of iteration 

of tha braka sygtam when the braka 

imlva ia ^»arattd 

10*33, Under nornal operating conditions ^ the 
lowar valve in the t^e 0-1 governor of 
an air^braka ayatiiB will be unseated 
whan the air prassura in the reservoir 

I* riaat to 3i psi 

2t riaas to lOS pal 

3. falls to 31 psi 

4. falls balow 105 pai 

10'^34. To dacrease tha prassura range in the 
type 0-^1 governor f you may 

1. add shiiBa baneath the u^er valve 
fuida 

2. ramova ahias fron the upper valve 
guide 

3. turn the adjusting screw counter^ 
clockwiaa 

4. turn tha adjusting screw to the left 

10*3S« Wiioh of the following gages is used to 
aecurataly adjust the type 0-1 governor? 

It ^icknasa gaga 

2t Vacuiss gaga 

3. Dapth fage 

4* Air prasaure gage 



1. 80^85 psi 

2. go-f5 psi 
3p lOQ-105 pii 
4, 110-115 pii 

10-37* At what pressure will thm spring loading 
within the fevemor overcrae the 
deve loped force of ^e air pressure under 
the diaphra^? 

1. 80^81 psi 

2. 90-95 pii 

3, 100-105 pii 

4, 110- lis psi 

10-38, To increase the pressure setting of the 
^type governor, you must do which of 
the fol lowing? 

1, Turn toe adjusting nut ciockwise 

2, Turn the adjusting nut countercleck- 
wise 

3 , ftdd shins to the inlet ^alve guide 
4p Add shims to the outlet valve guide 

10-39, The purpose of the unloader asse^ly is 

to 

1 . unload or stop coo^ression in the 
goH^resior and to load or start 
conpressiQn 

1, cool, store f and reniove moisture 
fr^ thm air and give a smooth flow 
of air to the br^e system 

3^ proteot Uii brake against exaissive 
pressures 

4, control the air pressure that is 
delivtred to the brake ch^nbers 

10-40 i Whieh of the following coi^onents is 

used no eooi, itora^ and rmova moisture 
from the air and give a smooth flow of 
air to the brake system? 

1. Unloader 

2 « Reservoir 

3^ iafety valve 

4« Brake valve / 

10-41. lOiich of the following components is 

used to pfoteet the brake system againit 
excessive pressures? 

1« Prassura gage 

2 ^ Eiservdir 

3« Safety valve 

4^ Brake valve 
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10^43. Ifhleh of the fQllwing Qoe^mntm i0-*4i. 
iiidl^atei the festr^olr pFeisure? 

1« Bsake valve 

i« iafety valve 

3 f Governor 

4, Prtaguri gage 

10-43. Hhlah of the following eooypanents allMs 
the air to flow from the reservoir' to 
thm brakes? 

1. Safety valve 
2* Brake valve 
3i Prisiure gage 

4^ iaeh of thm above 

10-44. In iBaintalning thm treadle hwakm valve 
of tixtbo^ flgyre 10^32| you li^rioate 
the roller and hinge perisdlaally . 

10-45* Ifhleh of the following lidsrioants Is lO-Bl, 
used on the internal parts of a br^e 
valve disasieiBbled for a leaning? 

1* Engine oil 

2. Cassis lube 
3* Bearing grease 
4 1 Vaseline 

10*46. Which of the following aospponents is 

deeifned to invert the energy of ooa-' 10^12^ 

pressed air into meahanioal foroe and 

laotlon? 

1« Brake ohas^r 
2* Brake valve 
3^ Brake cylinder 
4» Eaoh of the above 

10-47. fftiich cQB^nent provides a quiok and 
easy way of adjusting air bradies to 
ooo^ensate for wear? 

10-53, 

1» Brake ca^haft 

2. slack adjuster 

3. M justing screw 
4« iaoh of the above 

iD*4§* Hhioh of the following valves is de^ 
sigtiid to exhaust br^e chiu^r air 
presiare and speed up brake release of 
the air brake syst^? 

1, Quiok ifelease valve 

2« treadle type brake valve 

3, Safety valve 

4* Pedal t^ brake valve 



fhe exhaust port of the quick release 
valve on a vehicle equipped with air 
brakes opens when the 

1. diaphrags is forced downward by the 
a^iioation of brake pedal pressure 

2. diaphra^ is in a holding position 
3p air pressure ^ove the diaphragm is 

increased 

4, brake p^al pressure is releaied 

Which of the fol lowing valves is inter^ 
change^le in aounting with the quick 
release valve? 

1. Safety valve 

2 , ^actof protection valve 

3. Selay raergency valve 

4. C^ibined Uniting and quick release 
valve 

Ifhich of the following valves functions 
as a set of resotely controlled out-out 
eocks for no^al or ^ergen^ air brake 
operations? 

1p Relay valve 

2. Tractor protection valve 
3* ^lay energency valve 

4« Safety valve 

l^at is a pu^ose of the relay emergency 
valve in an air-brake syst^? 

1. To speed up the application of 
trailer brakes 

2. TO speed up the raleasing of 
trailei^ brakes 

3. To apply the trailer brakes when the 
emergency line of the trailer is 
broken 

4i la^ of ^e above 

imat is a function of the relay emer- 
gency valve during normal operation of 
a tractor^trailer unit? 

1. To supply air to the trailer 

2« ^ autoiBatically releaie tiie excess 

mnoynt of air pressure fron the 

trailer 

3« TO synchronize trailer service brake 
air pressure and tractor serviae 
br^e air pressure 

4p lach of ^e atove 
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Wileh ©f th© fsllewinf valveg will 
enable the 10 to apply the trailer 
bi^akei independently of the tractor 
brakes? 

1. Hand control brake valvt on the 

tractor 
2i Relay valve 
3* Tractor protection valve 
4. Cei^ined-lliaitlnf and qulGk^releait 

valve 



10-55* what valve li iised in an air line to 

make sure that the air passage goai in 
one direction? 

1* Single check valve 

2. Relay emergency valve 
3i Safety valve 

10-56 • What is a purpose of the hoses and 

fittings used between the tractor and 
the trailer? 

1^ To provide a flexible air G©nri*^cti©n 
2- To make connectinf and disconnectinf 
easier 

3. To allow air from the tractor to be 
used for braking the trailer 

4# Each of the above 

10-57* The purpose of the disreny coupling ie to 

1* allow air to leave a unit while 
preventing dirt fr«^ entering 

2* prevent dirt from entering unused 
air lines 

3* increase air pressure in a certain 
area to speed up application and 
release of trailer brakes 

4^ conserve compressed air 

10-58 • Whieh of the following devices is used 
in storing unused hoie? 



10-59. mieniver the air presiure is wittjin the 
normal operating range , the low pressure 
warning indicator will 

1. renain open 

2« reioaln closed 

3^ open and close Intermittintly 

4, begin to flaih or buss 

10-60. Th^ contacts on a stop light smtoh (an 
electro-pneumatic device) will close 
when subjected to a minimum air preisure 
of 

1. S lb 

2. 10 lb 

3. li lb 

4. 20 lb 

10-61^ To perform an operational test on air 
brakes, you ihould apply and release 
the brakes while observing for which of 
thm following conditions? 

1* Sluggish engagen^nt or release 

2^ Igual application 

3. Binding linkage and exhauit of units 

4, Each of the above 

10-62. iL the brakei engage when the emergency 
line is removed from a charged trailer 
system, the emergency relay valve is 
functiQning properly • 

10-i3* To teit for leakage of various units 

within the air brake systeinj you should 
use 

1. a thick mixture of soap suds 
2 * water 

3. a very light-weight oil 
4* any handy liquid 



!• Air hose fittings 

2. Chain dummy CQUplings 

3, Iracket-t^e d\miy couplings 
4^ Each of the above 
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Assignment 11 



Textbook. KAVEimU 10644^0 1 Pigts 331 - 363 



funclloniy And OAlnctnanee preetdUTta 
of the hydraulie systtag^ pewmr shift 
And automAtla trtniialsslons^ and 
tTsak and track fraae atsiinbllia 
coiBion to heavy duty eons true tlon 
equlpMnt . 



11^1 « If SO pounds of force wtrt spplled co 
piston 1 of tixcboek figure 11-1 , how 
suah forct would h% sppllid to piston 
21 

1. as lb 

2. 50 lb 

3. 75 lb 
4« 100 lb 

11^2. Why la the feservolr Qt m hydraulle sys- 
tem vented ? 

1. to pTevsat the loss of fluid 

2. To allow ths reeervotr to breathe 
3» to sepsfste air from the fluid 

ll-'B, In a hydraulle systrai vhere would you 
noraially find the stxslner? 

1# On the discharge side of the pimp 

2, In the reservoir or Inlet line of the 
punp 

3, Between the filter and restrvolr 

4, Xn the pressure rtllef line 

11^4, The operating pressurt within a hydraulle 
systen Is oreseed by cht 

im cepaelty of the ptSBp 

2* reslttuoe MOduntsfed by che fluid 

3. action of the relief valve 

4. dlsplaoeMAt of the puap 



11-5 • Of the following types of hydraulle pumps, 
whieh Is used the most often on eons t rue ^ 
clon equipment? 

1. Diaphragm 

2. Vane 
3^ Gear 
4. Piston 

11^6. When used to desorlbe a hydraulle pumpi 
^at does the term *'fl%ed displaeement" 
indicate 7 

1. The voiiMe of fluid passed by the 
pump during each revolutian will 
refflaln eons cant 

2* deration of the pu^ Is limited by 
the naseittw pressure in the system 

3. The puiq» is designed to operate 
at a constant speed 

11-7 # ^ieh of the following ftmetions Is per-^ 
formed by the valves In a hydraulle ays- 
tml 

I* Control pressure In the system 

2. Dlrtet the flow of fluid 

3. Regulate the flow of fluid 
4# Each of the above 

11^8 « Why is a relief valve used In a hydraulio 
system equipp^ with a positive dlsplaee-^ 
ment piaip? 

1. To keep pressure from rising above a 
maxlmm point 

2. To direct fluid into the top of the 
hydraulic cylinder 

3« To direct fluid into the bottom of 
the eylinder 

4. To keep pressure fr^ falling below a 
miniatm point 
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11-t. In a teslG hydraulic B^mtm, tiie control 
vaiv« serves to 

I. keep the pmp operating at a sonstant 
rate 

2« send fluid back to the reservoir 
when pressure beoemes too great 

3^ regulate the speed and operation of 
hydraulic aylinders 

11-10* Iftilch of the following best describes 

the operation of the double-aetinf cylin- 
der illustrated In textbook figure 11-S? 

1* More force will be applied by the 
eylinder as it is extended 

2* More force will be applied by the 
eylinder as it is retraoted 

3. ^e cylinder will ap^ly equal foree 
In either direetien 

ll'^ll* In a hydraulio system, why is tubing 
preferred to pipe? 

1» Less es^nsive 

2p Easier to bend# out, and fit 

3p Easier to inaintain 

4« All of the above 

11-12. Why is the inner layer of a hydraulio 
hose iiadi of synthetlo material? 

1* To reduoe resistance 

2. To prevent deterioration 

3, TO proteot the strength m^^ers 

11-13* The number of strength ineabers in a high 
pressure hydraulic hose is normally 
limited to 

1* 5 

2. i 

3. 3 

4. 4 

ll'*l4» llhy are acot^ulators used in mamm 
hydraulic systems? 

Ip To increase fluid capaoity 
2, To i^sorb and stabilize shook loads 
3* To stabilize the amount of fluid 
pulped 

11*1^- Which of the following conditions could 

oause hydraulio filters to beoone clogged 
frequently between ohanges? 

1. tefeotive b^ass valve in the filter 

2. Clofged strainer in the reservoir 

3. TOO nuoh foreign matter in the 
reservoir 

4. Badly worn hydraulic pmap 



11- IS* Assittie that the padeing fland en a 

hydraulic eylinder is tifhtened evenly 
and then the rm is eactended. tftiat 
should you notiee on the rim? 

1. Only a slight film of oil 
2» ^ absolutely dry surface 

3, Only a small trickle of ©il 

11^17^ An excesiive mQOunt of fluid leaking 
inside a hydraulic system will oause 
which of the following? 

1^ Overheating of the fluid 

2p Slow operation 

3i Loss of power 

4. All of the above 

ll"18* i^en suspecting exceisive internal leak- 
age of a fluid, you should observe the 
operation of the hydraulic system for 
signs of 

1* fluid loss after short periods of 
operation 

2* creeping and drifting of hydraulic- 
ally operated oomponenti 

3, low fluid tffliperature after a few 
hours of operation 

4, quiok acting hydraulically operated 
oomponents 

11=19, Should a control valve be found to have 
an exoesiive amount of internal leakage , 
you should do whioh of the following? 

1* Replace ^e valve 
2^ Initall new valve seals 
3, Repair the spool portion of the 
valve 

11-20, If the piston seal in a double-acting 

cylinder is faulty, fluid will leak from 
the eylinder being tested through the 

1« breather hole 

2 , cylinder packing 

3* hose connection 

4* piston poppet 

11-21. When two hydraulio cylinders operate 

together t you should replace the seals 
in both cylinders even if only one is 
faulty to insure ttiat 

1* equipment downtime is kept to a 
minimimt 

2p both cylinders operate in the same 
manner 

3p all the seali in the seal kit are 
used 

4, the repaired cylinder does not fail 
prematurely 
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11-22, whiah of ttii follewlnf eondltloni will 
oaust th# ^eratioii of a hydfaullo 
system to be noisy mM erratic? 

1» Low fluid pras§u£e in the systim 

2, A sticking relief valve 

3, Air leaks in the suetion lines 

4p Faulty seals in tile €ontroi valve 

11^23^ Thm pu^ of tte fluid goupling is usually 
bolted directly to the 

1 . tngine 

2, transmiisian input shaft 
3^ planet carrier gear 

4, ring rear 

11-24* ^e turbine of the fluid coupling is 
connected to the 

1 ^ flywheel 

2. tranimiision 

3. crankihaft 

4* clutch houiing 

11-25* What eauois the turbine blades inside a 
fluid roupling to rotate? 

1# Oil thrown by the pvmp 

2. Cluteh 

3 ^ Crankshaft 

4 . Flywheel 

11-26* vn^ich of the following coi^onenti is 
necessary to make the fluid aauplinf 
perforo as a torgue aultiplier? 

1« iB^ller 

2 * Turbine 

3, Stator 

4^ Each of the above 

11^27, A torque converter should have a gniali 
axBQunt of slippage to prevent 

1 . overheating of tiie fluid 

2* free wheeiing at low speed 

3^ exeesiive internal pressure 

4« stalling of the engine 

11-28. The hydraulio torgue converter autonat- 
iaally varies output to meet ohanfing 
load requirefliants by doing which of the 
followinf ? 

I, Inoreaslng torgue while oaintaining 

constant ipeed under changing load 

requireaients 
2p Xnareaslng torque as load inoreasei 

and speed decreases 
3* Reducing torque as load increases and 

speed decreases 



il-2i* Why is fluid within the hydraulic torque 
converter pressurised? 

1* To provide adequate lubrication 
2p To cool the converter aiienbly 
3« To supplement impeller puling 
aation 

4« To reduce vaoum pockets in the 
converter 

11*30 • When the high-l@ lever of the Interna^ 
tional Harvester ilH) power shift 
transmission is shiftedi a iliding gear 
on the spline shaft meshes with gears 
on the 

Is reverse clutch shaft 
2^ fareward clutch shaft 
3. bevel pinion shaft 
4s spline shaft 

ii-31^ in the IH power shift transnissionj 
whieh shaft is driven by the hi-lo 
gear? 

1^ Averse alutoh shaft 
2^ Foreward clutch shaft 

3. Bevel pinion shaft 
4^ Spline shaft 

11-32^ Before shifting the hi^lo range lever 

in the IH power shift transmission « you 
must put the gear shift lever in neutral 
while the engine is running « 

11-33^ f^ich of ^e fallowing components helps 
m^e up the planetary gear systmf 

1« Sun gear 

2s Ring gear 

3« Planetary carrier 

4, Each of the above 

11^34* l^ich of the following gears is the 

center gear in the planetary gear system? 

Is Planet pinion 

2s Ring gear 

3s Bun gear 

4 s Planetary carrier 

11-35 s How many different ways can ^e plantary 
gear set be es^loyed to either increase 
or decrease torque? 

Is S 

2* 2 

3s a 

4« 4 
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11«3€« Milah of the following hydtaalleaily 
operated ecqponents are \i§md in the 
aytoR^tlc transmisfign to make it shift 
automatieally? 

1« Clutches and bands 

2 « Sefves 

3, ^vermsrs and valves 

4, All of the abQve 

11-37. The lenfth of a tfack will gradually 
increase during normal use because of 

1« itretchinf 

2 . wear on the traok links 

3* wear on the iprocket and idler 
4 . pin and bushing wear 

ll'"38# Which of the following measurements are 
used to determine the wear of a track 
asseiiyDly? 

1* Bushing diameter and track pitch 
2- fin diameter and track pitch 

3. Link widtti and buihing di^ieter 

4. Chain length and link width 

11=39, How many track links ihotald you meaaure 

across when chicking for pin and internal 
buihing wear? 

1. 5 

2. 2 

3. 3 

4. 4 

11^40^ Which of the following neann are used to 
' aline the track framei on IH crawler 
tractors? 

1^ Hirust bearings 

2* Shims 

3. Wear plates 

4* Iccentric support shafts 

11"^ 41, Which of the following track frame com- 
ponents maintain alinement of the track 
assendbly as it paises over the track 
frame? 

1* Track rollers 
2^ Guiding guards 
3. Front idlers 
4* Carrier rollers 

ll'^^i. TO relieve tension on the track of a 
modern crawler tractor, you should do 
which of the following? 

1* iaok off the adjusting nut on the 

idler yoke 
2t Loosen thB vent screw on the track 

adjuster 

3i Add shims in front of the recoil 
sprinf 
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11-43. If the tfsck ori a crawler tractor is too 

loose f it will have a tendency to do which 
Of the follwinf ? 

1p Fail to stay In aline^nt 

2. Comm off i^en the tractor is turned 

3. Damage the carrier rollers 
4* All of toe above 

11-44. ^e track and track frame should be 

inspected dulling each scheduled mainte== 
nance period for which of the following? 

Ip Abnormal wear and misalinement 

2. Leaking seals and looie tra^ shoes 

3. iMse and miising parts 

4. All of the above 



Learning Objective i Identify the 
types and eonstruetion character- 
istics of wire rope and wire rope 
attachments, and indicate practices 
associated with their uie* carej 
and handling « 



11^45* Which of the following conponents ripre- 

sents the basic unit used in the construe^ 
tion of a wire rope? 

1. Core 

2 * Strand 
3« Wire 

11-46, l^ioh of the following pieces of infor- 
mation are given by ^e wire rope 
designation, 9/li inch 6 x 19? 

1* Sope diameter f nusdber of strands 
and number of wires per strand 

2. Core diai^ter, nunber of wires 
per strand and ntnaber of strands 

3. itrand diameter , nisdber of strands 
and number of wires per strand 

11*^47, Assi^ that you have four types of wire 
rope available for a job that requires 
wire rope of great flexibility* Which of 
the following t^es should you select if 
ail of the wire ropes will provide 
adequate string^? 

1^ i X 7 fiber core 

2. 6 X If independent wire rope core 

3. i X 24 wire strand core 

4. i X 37 fiber gore 
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Ifeen answering IteBs 11-48 through ll-SO| sel@€t 
frea ealUffln B the wi^t and strand Imy that is 
eharaatef istia of thm wirm r©p# in ^iwi A* 



Wir# Rope§ 



Wife and 
itrand Lays 



11-48 Rlfht regular lay 1, Wires rifht, 

straps right 

11^4f • Lmit rafular lay 

a. Miris lfft# 
11-50. Right lang lay strands left 

3, Hiras right* 
strands l^ft 



ll<-i5« Under what eonditieni do you ust a lerving 
bar or iron to inoreait tension on the 
seising wirg when putting ©n the turns? 

1, If the siising is t^porary or if the 
diameter ©f the wlr© rope ii 1/2 inch 

2* If the seising is tem^rary or if 
the diameter of the wire rops is 
1 Inoh 

3, If the seizing is permanent or if the 
diaweter of the wire rops is 1-1/1 
inohes 

4* If the Siising is ^manent or if the 
dianeter of the wire rope ii l-S/8 
Inohes or more 



4. Wires left; 
strands right 



ll^il. What is the approscimate safe workihf 
load, in tons, of a new 1-inah wir% 
rope? (Uie the NAVFAC formula.) 

1. 1 

2. 2 

3. 3 

4. 4 

11=52, If a wire rope should forsi a loQpr what 
aotlon should you take? 

1 . Unorois the ends and push them apart 

2. Cut out thi loop 

3. Pull it out by stretching one end of 
the rope 

4^ Coil the rope onto a drum 

11-53, What is the largest size of 6 x If wire 
rope that you ihould use on a lO^inoh 
sheave? 

1. 1 In, 

2. 1/2 in* 

3. 5/S in. 

4. 3/4 in* 

11-54* Khen preparing t© cut a 1-inoh wire fope^ 
you should selie the ropt on both sides 
of the cutting point using which of the 
following? 



1. 


Two 1^ 


^inch seizings ipaeed 3 


inahes 




apart 






2. 


Three 


l^inoh seiiings spased 


2 Inches 




apart 






3. 


Three 


2-^inch seisings spaaed 


1 inoh 




apart 






4. 


Two 3^ 


4n©h ieisinge spaaed 1 


inoh 




apart 







ll^ii* As Sim that you have just installed a 
wedge sookit on the end of a wire rope. 
With the bight oompletely olosed# the 
bitter end should extend below the 
socket approximately 

1p 2 inchis 

2. 4 Inohis 

3p 6 inches 

4. 3 inches 



learning Objective i Identify oper- 
ational eharacteristics and servioe 
proaedurts applicable to heavy duty 
air co^ressors. 



11-57* l^ich of the following pressure settings 
is nowial for the governor on a heavy 
duty air oompressor? 

1, 95 psi 

2, 100 psi 

3, 105 psi 

4, 110 psi 

11-5Sp In the rotary ooE^jressor, the sliding 

Vanes are held against the pump easing by 

Xt iprlng tension 

2. oil pressure 

3. air pressure 

4* oentrifugal force 

11^59* In whieh phase of rotary ooc^ressor 

operation are the vanes farthest from 
the eenter of the rotor? 

1 * intake 
2« Dlscharfe 
3 * CM^resiion 
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In a Siesel^drl^n air eo^rtisor, which 
of tfae followlnf is a dans#qutng# of a 
faulty oil saparatorf 



11-65. 



tfhan should yots feplaee ^€ air glaanar 
eltrntnt on a Wofthihfton 600^€te 
oo^ressor? 



1* Cs^reasor oil will a^taminate the 
miqinm oil 

2. Qli will ^ disaharged witii sir ffsei 
tiia ^g^praasor 

3, s^^raasor will ovarheat frc»i 
laek of lubrication 

11^61* lAich of the fQllowinf t^#s of air 
cooi^rassors is equipped witii an 
intaroooler? 

1. Multistaga reciprocating 

2. Multistaga rotary 
3« Hultistage soraw 
4« Single'^stage soraw 

11^62^ tlhy are afterooolers used on scmm 
reoiprocating air ooi^resaors? 

1. To reiBova noisture frgos the air 

2. To eliminate lurges in air delivery 

3. To prevtent overhtatinf of pneunatic 
toola ^ 

4« To reduoe preasure in the diatri- 
but ion system 

11^63, On a rotary air cc^ressor^ engine speed 
ia regulatad to aorraspond with which 
of the following? 



1, lach tlM the oonpresior oil is 
^ai^ed 

2 ■ Aftar every 500 hours of operation 

3, fftien inspaotion shows an ac€\^ulatian 
of dust in tile filter 

4, Mien the red band is visible in the 
air cleaner service indioator 

11-66 ■ yfhmn there is no demand for air from the 
Iforthington iOO^ate air ooD^reisorf which 
of the foilowinf adnditions causes the 
enfine to r^iain in the high idle 
position? 

It Broken speed oontrol spring 

2, Ruptured diaphragm in the speed 
QOntrol 

3, High pressure in the reoeiver 

4, Low angina t^perttura 

ll^i7« On tiie fiorthinfton iOO^^cfm air oos^rassor 
how mich air pressure must be in the 
raoaiver before the suction control 
valve will close? 

1, 90 pii 

2, 95 psi 

3. 100 psi 

4. 105 p§i 



1. capacity of the cosprassor 
2« Volusie of air needed at the servisi 
valve 

3. Discharge press\tfa of the cot^reisar 
4« Teiqperati^e of the air leaving the 

cc^pressor 

11<^S4, The d»iistar used on the fforthington 
%QO^am air c^i^ressor is for the 
purpose of 

1. removing oil frcm the compressed air 

2, removing water from the cosipreisor 
oil 

3« preventing moisture from entering 
the compressor 

4. avoiding over lubrication of the 
cc^pressor 



ll-'iii Whioh of tAe following coi^onents of the 
vane^t^e ooi^ressor must be inspected 
for sarvlgeability iiAiin the diacharfe 
air t^^eratura bacomes axcassiva? 

1* Cc^rassor housing only 

2. Botor vanes only 

3. Oil orifices only 

4^ c^preasor housing # rotof vanes # 
and ail orifices 
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Assignrnent 12 



Textbeok. MAVroTRA 10644^0 i Pagis 384 ^ 414 



Leai^lng Objective! Feint out prln^ 
elplts md Eeehnlques of adnlnlstar^ 
tng the Civil Englntering Support 



In itmm 12-1 and 12-2, select fron celiroi B the 
term thmt Is defintd In eolt^n A* 



A. Defiaitlons 

12^1 e To effect %CQnQtS£f 
and dtptBdablllty 
in tht use of 
iqulpoent and to 
Iniurt continuity 
of operation 

12-2 « Care exercised and 
vofk parfomtd to 
retain vehlelas and 
equipment In safe 
and sirvloeable 
opera elng condition 
during their normal 
service life 



B, Terns 



Halntenance 

InterMdlate 
inspection 

Navy Preven- 
tive Mainte- 
nance fro- 
gran 



12-5. The priffla^ objective of preventive 
oalncenance Is to 

i« insure that equipnent Is clean and 

serviceable 
2^ keep Dechanlcs busy during slack 

periods 

3^ reduce equipment downtime and eliisi- 
nate unneceasary repairs 

12-6, What is the standard Interval that NCF 
equipment Is seheduled for preventive 
sialntMance? 

1* Once every 40 calendar days 
2* Once every 40 working days 
3, Onci every six nonths 

12-7. How many groups are used In FH scheduling? 



12-8. 



12-3, Guidelines for the nalntenance of equip- 
ment assigned to the Naval Construction 
Force are contained in i^ieh of the fol- 
lowing HAVFAC pt^llcatlons? 

1* F-aao 

2. P-300 

3. F-315 

4. P-404 

12*4* l^lch of the folloiring equlpaent services 

are Included in organizational maintensnce? 

!• Lubrication and nlnor adjustment a 

2« Cossponent rebuilding and DAjor repairs 

3, Hajor overhaul and reitorstlon 



12-9, 



10 

25 
40 
60 



^Alch of the faliawlng maintenance 
persoimel can authorize changes to the 
FH schedule? 

1« i^intenance supervisor 

2. PM clerk 

3i Shop flupervlsor 

4» Each of the above 

l^lch of the foligwlng items of informa- 
tion must a FH clerk have before establish^ 
Ing an annual FH Inspection schedule? 

1. Total nimber of vehicles and equipment 
assigned to the unit 

2. Nwber of days to be worked each week 
by the mechanics 

3. Number of nechanics assigned to each 
shop 

4* Breakdot^ of the allowance by differ- 
ent types of equipment 
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12^10, Bow wmy tlmei m day ii m operstor 

nqulf^ to inaptct &q asslgnid Icra of 
CEiE? 

1. 1 

2. 2 

3. 3 

4. 4 

12^11. Unliss th€ malacenanca suptrvlsor Indl- 
eatta othefvlaa^ vhafc cyp# of ra Inspee- 
Cloii ahouid ba achadultd for a vahlcia 
thm% haa bean drlvan 2200 miles slnca the 
liae FH liiipeation? 

1. '»A" 

2. »B" 

12-12* Bow many tlnias can a vahlele be givan a 
type "A*' fH inapaetion btfore a type *'B*' 
Inaptctira la raqulred? 



12-17, 



12-13* 



12^14* 



12-15. 



12-16, 



12-18, 



1* 
2, 
3. 
4. 



Hew often ara type "C'* ptrfomad on 

vahiclia afSigned to the Navai Conger uq^ 
tl^n Force? 

1. Daea eyairy 6 months 

2. Oact A year 

3, Aa of tan aa tha salnttnanca iuparvlgor 
iodlcataa 

4, As often aa two auoeegalve type "B" 
FM*a oeeur 

Why should daadlln^ vehlales be Insptetad 
on a regular basla? 

1* to datact my eannlballzatlQn 

it to inaufs adequate priairvatlon 

3. Td pravant deterloiratlon 

4, All of tha above 

l^at li the max^em ttount of tlsa that 
esn be apeat iiorklng on a vehlels bifora 
a ihop repair order iiuat ba preparad? 



12-20, 



12-21, 



12-22, 



1. 
2. 
3. 
4. 



S sin 
12 Din 
18 Bin 
24 mln 



Whan rcpalrp are completed » vhlsh oopy of 
tha ERO If fllad In the equipment history 
JsGket? 

1, tmita 

2« Blua 

3« Ytlleif 

4, Srsati 



12-23 , 



Mien* if ever, should ERO's eoncernlng 
aajpr rapalrg be renoved from equipment 
history jackets? 



1. 



3, 
4, 



90 days after the major repairs are 
accomplished 

2 years after Che major repairs are 
accoaplished 

When the equlpnent la transferred 
Never i they r^ialn for the life of 
the equipment 



Haw many indlvldusi shops are there in 
a typical MOB maintenance organisation? 

1. 5 

2, 2 

3, 3 

4. 4 



12-19, Which of the following maintenance shops 
. is rtspooaible for small naterlals- 
handling equipment? 

1, Automotive 

2, Construction equipment 
3< Support 



In an lOfCB^ who has iupervisory respon^ 
slbllity for maintenance performed on 
equipment away from the main shop 
facilities? 

1. Bmergeney service supervisor 

2. Heavy equipment shop supervisor 

3. Support shop supervisor 

4. Autottotlve shop supervisor 

When equipment Is In need of maintenance, 
whp is responsible for detenalnlng the 
type of repair or services to be per- 
formed? 

1, Operator 

2, Shop Inspector 
3« Shop supervisor 

4« Haintenance supervisor 

Under normal conditions , how many times 
will an inspector inspect an Item of 
equipment brought Into the ^Intenance 
ahop for repairs? 



2 

3 



Who is responalble for maintaining the 
direct turnover log (DTO) and repair 
parts aunmary sheets? 



1. 
2. 
3. 
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FM clerk 

Coat control clerk 
Haintananca suptrvlsor 
Technical librarian 



EKLC 



12-24, Hw many MehaAlet* If any, are mTmaXly 
uslgndd to thm rtpair pwts iisrcreom? 

1, I 

2. 1 

3, 3 

4 . None 

12^23. lAien an ^ICB deploys , hQ¥ da^i 
thDuld Che Initial supply of repair 
parts support apetatlona? 

1. 30 

2. 60 

3. 90 

4. 120 



In icema i2-2S fchroy^ 12-30, taleee fron eol^ 
I the lavel of repair parts support provided to 
Che HCF unit In coluan A* 



12-26. 
12-27, 
12-28. 

12-2f . 
12-30* 



A* WGF Units 

mcB 

RKHOB 

mCB (ffisjor 
detaolmnC) 

CBU 

PKIBCB (major 
detsehmint) 



Bp lapalr Fares 
Support Levela 

1* D 

2« G 

3, H 

4. 0 



12-34. What criCerloDs If any, is used to deter- 
mine hav many tiehnieal manuals are pro- 
vided to a unit for gaeh type of vehiele 
assigaid? 

1. Vahlels papulation 

2. Location of the maintenance faoilltlet 

3. Siie of the maintenance facilities 

4. Nonei eich tmit reoaives two copies 

12-35* Which of thi follDwlng forms should you 

use when requesting repair parts from tha 
supply department? 

1. KAVDOCKS 1949 

2, NAVFAC 2421 

3, NAVSOT laSO 

4. PD fom 1342 

12-36, Whm filling out a HAVSUf 1250, why should 
yoy use ths cosmunieation sysihol for zero? 

1. Beesuim sere Is not used in the HSH 
lyst^ 

2. To distinguish it from ths letter "0" 

3. To allow cdi^uter scanning of the 
1250 »s 

i2'^37« What digits in a national stock nis^et 
identify the ogtmtry ^ere the part was 
catalDgid? 

1« 1ft, 2nd, 3fd, and 4th - 

2. 5th and 6th 

3* ?thi 8tli, and 9th 

4. lOthi 11th, 12th, and 13th 



12-38, 



12-3f, 



12-31. Repair parts fo^ uge on one e^e and 
model of e^ipment ara call^ parts 

1. penullar 

2, specif io 
3p eoosum^la 
4, eoiBBon 

12^32 « To datermlna the APL(s) pertaining to a 
particular vihlole, iHilch part of the 
COSAL should you refer to? 

1, I 
a. II 
3* III 



12-^33* Which part of the CQBJCL provides a crosa^ 12^40* 
reference batwaan pert numbers and stoek 
nuobers? 



1, 

2, 

3. 



I 
II 
III 



After the requisition number is entered 
in bleek "B»' of the HAVSUP 1250, \^ich 
copy la retumtd to the cost control 
clerk? 

1« mite 

2. Green 

3. Eid 

4. Yillow 

Which digit of a Julian date indicates 
the oalendas year? 

1. First 

2. Second 

3. niTi 

4 . Fourth 

How are the fsp&lr parts si^oary sheets 
filid by thm cost clerk? 

1. in siaiiflcai ofdsr by NiH nmber 

2* By Julian date 

3, In nymtrical ordar by FH groups 

4, In n^irical order by squipnant codes 



?5 533 



12-41. Wh© aisigni thm pflorlty to all 1250 
Dafkfid HIS ot KG? 

1* Requisting mechanle 

2. Shop supervisor 

3. HaintesMies suptrvlsoif 

4. Cost eontrol elerk 

l2-'42. Who If responsible for rtturnlng unused 
DTO parts to the supply department? 



12-46« The oil filter Is dtslgned to removi 

vhloh of the following subscanoea £tom 
the oil? 

1. Mstel chips and grit 

2. Carbon and dust 

3i Physleal cont^inAnts 
4« All of the above 



1, Cost control elerk 

2, Floor aechsnlc 

3, Shop supervisor 

4, Shop Inapectof 



la Itims 12-47 through 12«4ij ielaet from eol^m 
B the type of filter you would be servicing when 
using the procedure In column A. 



Frocedures 



Types of 
Filters 



Learning Objeoclva: Indicate Che 
correct procedures for using lubri- 
cants and lubricating equipment to 
strvice automotive and construction 
equipment. 



13-43, Pressure fittings on automotive and 

construction equipment should be wiped 
clean before and after lubrlGatlnf. 

12-44, lilhlch of the following actions la NOT 

appropriate to the use of a High pressure 
grease gun? 

1, Hovlng the gun up* doWi or sideways 
to remove It from a fitting 

2. Fresalng the gun coupler straight 
Onto a clean fitting 

3, Fulling the gun straight back to 
remove it from a fitting 

4. iqueezing the gun's trigger slowly 

12-45, You are lubricating the chassis of an 

automotive vehicle and find that some of 
Che lubrication fittings are froien. If 
Che vehicle's weight has already been 
taken from the suspension systemi what 
technique should you try in order to 
remedy the condition? 

1, Treat each frsien fitting with pene-- 
tr sting oil 

2, Blow out each froien fitting with 
compressed air 

3, Use a low^preasure hand oiler on 
iaoh froEen fitting 

4, Rock the vehicle f^lle applying 
lubricant to each froien fitting 



12-47. 



12-48. 



12-49. 



12-50. 



12-51, 



Unscrew the filter 
from the base by 
hand 

Remove the fasten- 
Ing bolt, life off 
the cover or res^ve 
the filter shell 

Detach the filter 
from its farackit and 
remove the brass 
fitting from ICi 
filter houilng 



Throw^iway 

Screw-on 

Replaeeahl€ 
element 

Replaceable 
cannlster 



Which of the following actions is NOT 
necessary after you change the oil and 
oil filter In a vehicle? 

1, Pill the erankcage to the full mark 
on the dip a tick with the proper 
grade and weight of oil 

2. Start and Idle the engine 

3. Inspect the filter for oil leaks | 
check the crankcase oil level and add 
oil to the full mark 

4, After tightening the filter, back off 
1/4 turn CO prevent blockage of sir 

^en an oil bath air cleaner Is cleaned , 
which of the following Is HOT an approved 
procedure? 

1. Washing the filter element in a sol- 
vent 

2. lemovlni the reservoir oil 

3. Blowing excess solvent from the filter 
element with compressed air 

4. Cleaning the reservoir 
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l2*-52. Which of th« following ittpi In NOT 
nuctfiiAry In ••rvlcing the wlrt f^mufr 
typa Alf eUantrt 

1. Wtfih «nd «osk vlth oil 

2, oil Iht wire giUii with motor oil 
and illaw the tjicati oil to drain 

3* tmpty tht reiervolr oil anil i*lpan 

tht rtiiirvolr 
4. Mtplaei tht ilpm«nt, cnv^fi and win^ 

nut 

i2-5J* Which of the fol Iriwlng actional I a nee- 

•■iary to aervl fhe dry typp rarhuretur 
air elaantr? 

1. Waah tht eleffltnt with a very ilgiit 
ifvtght oil 

2, Oil thi covering with motor oil 
3» tap thi Air claannr to remove the 

duit or dirt 
4, Blow tht excaaa oil off the clAintr 

12*54, Which of tht follo%*lng tubacancea can be 
alxad vith grAphltc and utad to lubrl^ 
CACa tht AhAlt of tht nAnlfold h#ac con^ 
trol VAlvt on An autofflotlvi englnef 

L Alcohol 

2. KtroAtnt 

3* PtntctAtlng all 

4« Each of thi ahovm 

i2<*SS. Which of tht following It a step In the 
prQeedurt yacd to airylee tht stetrlng 
gtar? 

it Cletn irauiid tht fill plug on cop of 
eht AtMrifig gear housing bafort rt^ 
soving tht fill plug 

2. Chtek the oil level and add lubrleanc 

3. fUplAct ehe fill plug 
4« EA€h of thm above 

12*56 « In addition CO tht Intervals reconmitnded 
by tht QtnyfeeCuriri wheel bearings 
flhould be strviced every tint tht 

1* bttkt drui&fl are rtnovtd 
2» brakta art adjuactd 
3. vhttla art rststed 

12*57 i Which of thA following front wheel bear- 
ing parts should KO? be washad In solvent? 

1* Ratainlng nuts end washers 

2, Ball b tarings 

3, Sails 

4 , Raeas 
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11- 1ft. Assiiwp that after Ins tall irig a n^w cottfr 

pin tlitough the rttalnltig mit you not let 
the %ih«fl tends to drag./ Wtilch of tht 
following could cauat th« wheel to do so? 

i« Draiglng brakea 

2. Out^of^ round braka druma nr loose 
backing platis 

3. Dcffetlve btaringa or rar^s 

4. Kach c>r th§ abDVi 

dry disk typf* clutch ri*qutr# periodic 
luhricatifiu? 

L Clutcfi releAMe and pedal ehaft 
biarlnie 

2. Lower and upper flywheel covefg 
3* Pedal and clutch »haft bear Ihga 
4, None 

12- 60, Aatumt th^t the lubricant of a convene 

tlonal transmlsston In a truck which you 
are strvleing haa i tendtnay to foam 
when the etansfisiialon la in use, Whieh 
of the fallowing ateps should you taks 
Si part of ths tranatBiaslon sarvlet? 

1, Drain tht lubrletnt whllt U la 
warm and rtplaca with frtah lubrletnt 

2. Clean tht arta around the drain and 
fill plugs 

3» Rataave both tha drain and the fiU 
piuga 

4, All of the above 

12-61, Whan lubrlcstlng univetsal Jolntap what 
type of grtsse gun should you uae? 

1, High pTesiurti hand>^aperactd 

2, High prisaurti air-operated 

3, Law prtasurt 

12=-62, After how fflany tallts of optratlon should 
you lybrlaata the shift detent Itvtr on 
a paasingiT vthtcle equipped with auCo^ 
QACie trananisslont 

1. Every 1,000 mllis 

2, Ivit7 IjSOO fflllis 
3» Iviry 2,500 isllis 

4 , Iviry 3,300 allts 
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Mi itudy raUriaU mumt bm tvturn«a. On dlMnroliifig, 
fill ay^ ©nly tilt ypii*^ part ot thli u\6 itt«h 

Ife t© thm iniidfl fwnt d©v«r of thm ttKtboeli for thli 
e^urM, Mill your •feudy hiafefti*lt to the Nival 
Bdueitlon and mining Program Dtvelapinent Center. 
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